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OBSERVATIONS BLOOD-PRESSURE DURING 
PERIOD NORMAL SLEEP. 


BRUSH anp RK, FAYERWEATHI (| EN1 


THE paper described series experiments made with mod 
blood-pressure during period normal 
strument used was adapted take the pressure the large art 


the wrist and hand, the mean pressure being determined 


i 
ments show that general blood-pressure falls during 
its lowest point about one hour after sleep has begun 


point onward during period sleep from six seven hours 
blood-pressure rises gradually until the period 


pressure, although continuous the whole, 


ken varia 
tions which occur with some regularity 
character periodic The curves obtained indicate that 
relaxation the arteries occurs point deepest sleep, and 
that subsequently increasing vaso-constriction takes place, which 


culminates the time awakin 


NOTE THE USE SATURATED SOLUTION 
MAGNESIUM SULPHATE FOR PREVENTING THE COAGI 
LATION BLOOD BLOOD-PRESSURE EXPERIMENTS. 


W. S. CARTER (PRESENTE! HOWELL! 


THE paper called attention the serious danger that may 


particularly experiments, from the use solu 
tions magnesium sulphate for the purpose indicated the title 
the paper. Any marked fall pressure during such experiment 
may result the entrance some the magnesium sulphate into 
the circulation, and the smaller animals least this 


may result 


li. | 
+} 
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SOME NEW OBSERVATIONS AND 
LEUCOCYTES 
GEORGE KEMP HENRIETTA CALHOUN. 


THE number red corpuscles was determined the hamatocrit, 
and the plates and corpuscles were counted hamo- 
cytometer. drop the was placed the finger and 


the blood received from the vessel directed into it. 


Formic aldehyde 40% solution 
Sodium chloride solution parts. 


Methyl green, enough color 


The fluid therefore contains per cent formic and trifle 
less than one per cent sodium fixes the histological 
elements the blood rapidly, preserves their form well, 
the blood-plates and leucocytes distinctly. 

The average ratio blood-plates red corpuscles was found 
for for women, 5.4. These figures are the result 
fourteen counts specimens from cleven men, and six 
different counts specimens from two women. Taking the normal 
number red corpuscles 5,000,000 for men and 4.500,000 for 


women, the count blood-plates. the cubic millimetre, would 


for men, 862,000, for women, 833.000. There was 
dency for the number blood-plates increase and diminish with 
the number corpuscles. 

The leucocytes not break down during normal coagulation 


the blood, while the blood-plates break down. 
THE RATE FATIGUE NERVE CENTRES. 
more rapidly fatigued when excited its nerve 
centre than when excited stimuli applied its motor nerve, the 


rate will represent the rate central trial, 
difference found. frog’s muscle excited reflexly fatigues 
sensibly the same rate its companion muscle stimulated directly. 
Human muscles, far tested, fatigue more rapidly volun- 
tary than electrical stimulation. these cases, then, sign 
central fatigue detected. 
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Another method consists retarding removing fatigue act- 


work, the flexors are completely relaxed and even stretched the 
action their antagonists contractions, about 
one-half the fatigue prevented, and over thou 
sand contractions may made with loss less than per cent 
the initial force When, the contrary, the contraction 

tained throughout, the loss much more rapid 


sustained contraction has been supposed cen 


since largely removed interpolating short series alternat 
contractions this recovery from fatigue (and 
therefore the fatigue itself) muscular origin indicated the 
fact that the same result can obtained from 
muscle. 

Still another way searching for central fatigue 
cases which nerve centre works hard without 
muscular and hence without causing much 
character, have also various mental that 
same movement mental act can repeated constantly with 
maximal effort for 
slight loss efficiency. 

reasonable conclude that nerve centres very 


fact have experimental proof that they 


FURTHER OBSERVATIONS EPINEPHRIN. 


By J. 


NEW methods preparing this compound which not 
benzoating hydrolytic treatment the autoclave have shown that 
some its heretofore described are not inherent 
native substance, but are manipulation. 
has found, the active principle the adrenal 
subjected treatment the autoclave not precipitated 
properties are, however, readily brought out heating the auto 


clave with little dilute sulphuric acid for short time under 


pressure four five the autoclave treatment 
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iron compound may formed directly from the solu- 
tion; this compound, however, physiologically inactive, 
this respect from the iron compound made methylic alcohol 
solution, 

word, suprarenin” only moditication epinephrin, being 
the native principle not subjected benzoating treatment 
autoclave. 

benzoyl compound epinephrin and trom this entire 
series derivatives formerly described me, 

salt which have called quantita- 
tively convertible into iron precipitation 
with ammonia also shows that contains other substance than 
now being made will show what changes take 
place the autoclave and what relation between the autoclave 
products and the less manipulated, more highly active compounds 
recently isolated myself and the blood- 
pressure animals appear show that the activity 
the compound greatly lowered this treatment the auto- 
Statements previously made the case with which in- 


substantiated later work. 


FURTHER OBSERVATIONS THE 
ING BODIES EXTRACTS ‘THE SUPRARENAL GLAND. 


By REID HUNT. 


EVIDENCE was obtained that aqueous extracts the suprarenal 
contain least one other body addition 
choline, the presence which the extracts the suprarenals 
blood-pressure after the administration atropine. also seems 
more toxic. repeated precipitation with mer- 
curic chloride, treating the filtrates from 
with sulphide, this second body disappeared; the same 
time the amount choline seemed increased. was 


choline decomposition. That this body was not lecithin jecorin 


was shown the fact 


that this 
like body containing 


esters are known 


been tested. 
was found that 


th 1 ul Me Cli Wwe. 


tained when lution 
gramme (per kilogramn 
has been isolated 
Results similar 
with extracts the brain 
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obtained. 


physi 
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The rise blood 


the 
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experiments with 
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These results show that epinephrin sulphate 
pressure was not duc the volume liquid injected, 


Curves were exhibited showing the difference between the effects 
the rapid and slow injection solutions epinephrin sulphate. 
one case, for example, 2.2 millionths gram per kilo body 
weight, injected the course forty seconds, caused rise but 
millimetres mercury, immediately afterwards one half 
this dose (1.1 millionths kilo), injected rapidly, 
caused rise millimetres. 

These experiments show that claim that epinephrin 
the blood-pressure-raising the suprarenal not im- 
paired objections based upon the alleged activity so- 
called crude extracts. 


ANALYSIS SOME NUCLEIC ACIDS. 
LEVENE. 


THE paranucleic acids vitellin and the ichtulin the cod- 


fish were found contain: 


( N P 
Vitellinic acid 5.58 13.13 
Ichtulinic acid . . 32.56 6.00 14.00 10.34 


Thus these acids different origin have com- 
paratively similar composition. The difference the nitrogen 
easily explained the fact that the ichtulinic acid 
from the ammonium salt, and the vitellinic from the copper salt. 
the latter acid obtained from the ammonium salt also contains 
about per cent nitrogen. 

The nucleic acids analyzed were those the pancreas the cod- 
fish, the sperm the codfish, and the Bacillus tuberculosis. 


Cod-fish sperm . 36.73 5.12 16.78 20.47 


The acid obtained from the pancreas distinction from the 
ilic acid described contains its molecule adenin 
tion acid, well that the cod-fish sperm, does 
not differ much its composition from the acids 
different sources! within the last year Schmiedeberg, Herlant, 
and Osborne. 

only acid which considerably from the rest that obtained from 


bacteria. 
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FURTHER EXPERIMENTS 
KYNI 


THE investigations 


kynurenic acid the 


its intestina 


conclusions are 


diminish intestinal 


kynurenic acid 


E MENDEL an I ( 
and his co-workers the 

The observations which have 

Not all intestinal anti 


hich act upon the blood 


THE EXCRETION 


I. LER 
mal 
By LAFAYI I 
uction 
1 
nhain, 


were productive such results. Mendel and Jackson! have reviewed 
the presented previous investigators and have published 
the results experiments which indicate that kynurenic 
acid product proteid catabolism, and large part, 
not entirely, independent putrefactive changes the intestine. 
The experiments now reported form confirmation 
Thus with six dogs, each which 
six days more, marked excretion kynurenic acid still 
observed the end the fasting more conclusive 
are the results obtained with dogs that fasted and the same time 
ethereal sulphates from the urine every case satisfactory 
indication the absence putrefactive processes the intestine 


under these conditions was nevertheless excreted 


amounts varying from 158 milligrams per day every one 
the Further observations the role various 


Mendel and Jackson’s experiments have failed 
obtain any output acid after gelatin feeding. The same 
experience followed ingestion ovomucoid, so-called chon- 
obtained the hydration cartilage, and commercial thymus 


powder. Experiments still progress were reported regarding the 


influence various and digestion products proteids 


> > 


the elaboration kynurenic acid the animal cconomy. 


DOES MUSCLE CONTAIN MUCIN? 


By G. A. FRIED axnp WILLIAM J. GIES (Rerortep py W. J. GIES). 


testing the work which led disagreement between 
Schepilewsky and Goodman, the connective tissue residues from 3-5 
Ibs. beef and veal, prepared method, were 
extracted the usual manner half saturated lime baryta water. 
(Muscle could never completely removed before the extrac- 
tion.) Seven such extractions were made with many samples 
fresh muscle appropriate quantities dilute neutraliza- 
tion, and weak acidification, with 0.2 per cent heavy precipitate 


was obtained each extract, but the substance precipitated quickly 
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‘ 
13.86 per cent, the sulphur from 1.32 per cent nt. 
order insure removal mucin and from 
divided tissue for several days saturated 
With hot alkalt unnecessary, at tie 
arations from the ligamentum the ox. 


contains less sulphur than obtained the old method, the 
quantity varying from 0.17 per cent (not deducting the 
ash, amounting per cent the purified substance). have 
observed two preliminary experiments that all the sulphur the 
prepared our own method firmly united the elastin 
molecule and not broken away boiling with per cent KOH. 
This result not obtained with clastin prepared the older method, 
which extraction with alkali avoided. 

Using Schultze’s method, the distribution nitrogen the 
prepared the improved process contrasted with that the old 
was found follows: 


Ammonia. Bases. Amido acid Total percentage 


method (1) 100.68 
(2) 103.02 


Improved method. 100.05 


Our results this connection indicate that elastin does 
yield organic bases, Kossel and have contended 
opposition Bergh and Hedin. 


THE OCCURRENCE LIPASE THE BODY, AND ITS 
REVERSIBLE ACTION. 
LOEVENHART. 


STRAINED extracts many were prepared and their lipo- 
lytic activity studied 

heated for ethyl butyrate was then added. 
After heating 40° the butyric acid produced was titrated 
with using litmus the indicator. The following are the 
relative lipolytic found for the organs the pig. 

Pancreas 
Intestinal 
0.36 
The mucosa the stomach was found possess slight but distinct 


activity. 
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Kastle and 


reversibly ethyl being cap. 


eceeded 


butyric acid and ethyl alcohol, and also being capable 


ethyl butyrate from these This result 


was sought ascertain what extent the 
With 


the body could due lipase. 


tissues tested have been found 


has been found the follos 


pancreas, intestinal mucosa, kidney, 


active mammary lung, brain, 
fat (all fat deposits), lymph, spleen. 


The degree lipolytic activity possessed 


related the fat transformation, whether svnt 


known occur the organ. Thus the active 


been found possess activity, 


pancreas, while the resting mammary 


decomp 
can 
present 


synthe 


Cal 
iry, t 
dis, 
organ 
hetic 


The work Kastle and Loevenhart shows 


merely has the power 


butyrate, butyric acid, and ethyl Thi 


} 


the occurrence lipase considerable quantities sul 


ana 


offers explanation the storing fat this locality and 


explains the absorptionof this fat during inanition 


these states the blood and 


poor fatty acid and glycerine, which 


subcutaneous fat would tend restore 


hydrolysis fat. These results throw light the 


fat absorption. 


OBSERVATIONS THE PRODUCTS 


BROMELIN PROTEOLYSIS. 


By LAFAYETTE B. MENDEL anp F. P 


REVIEW the literature regarding the 
vegetable origin reveals lack sufficient 


tell with certainty whether only one seve 


IW ICE 


many instances the only data present available are 


regarding the conditions under which 


and LOEVENHART: American chemical jou 


ral type 


i In 
ftectin 
homena 


PAPAIN 


I 
nzym 
enab 
{ 
Cl it 


may 


ot 


lipase 
youth 411 
i 
i 
destructive, 
Bhi 
= of 


nature the products resulting from the action the known vege- 
table enzymes has been considered only very limited extent. 
Papain (also called proteolytic enzyme the 
Carica papaya— has usually been regarded closely related 
action the trypsin the dissolves alka- 
line, neutral even slightly acid media, and basis for comparison 
with trypsin thus indicated. There are observations record in- 
dicating not only the formation proteoses and but also 
leucin and tyrosin. The statements regarding the occurrence 
these two amido-acids are, however, meagre, and tyrosin 
has occasionally been missed Our own experiments 
papain proteolysis have all been made with commercial preparations 
various action was studied media 
and several protcids, such egg-albumin, ete. 
Careful control experiments were made 
(mainly were tried. The more important results these 
observations may summarized briefly follows: (1) The papain 
preparations show activity both alkaline slightly 
acid media. (2) The primary products proteolysis, carefully 
the case correspond with those obtained 
from peptic digestions. (3) Leucin, and 
tryptic proteolysis were not detected any digestion where the 
influence bacteria bacterial enzymes was These 
observations indicate that papain proteolytic 
enzymes animal origin, and also from vegetable enzymes like the 
bromelin (from the pineapple) which readily forms leucin, tyrosin, 


and tryptophan, even acid media. 


CHANGES THE COMPOSITION THE COCOANUT 
DURING GERMINATION. 


By J. E. KIRKWOOD anp WILLIAM J. GIES (Presenren ny W. J. GIES). 


fresh nuts the husk were placed carth kept constantly 
moist tropical temperature. period about four months 
the shoots appeared through the husk. the end year 
germination chemical examination was this time the milk 
cavity the ovule was completely filled with the fully developed 
cotyledon, which had almost entirely absorbed the endosperm the 


end,” and considerably thinned posteriorly. 
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tribution water, solids, inorganic matter, and 


numerous deductions general 


dD 


FURTHER STUDY THE 


} 
SOIVINY and 


1 


percentag | 
D> 


fat 


1 


owth may 


GLUCOPROTEID 


By P. B. HAWK An WILLIAM J. Gill 


different preparations from the 


analyzed since the 
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two (from 


ox) were reported this Socicty 


position the seven vary between 


centage figures: 
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1) 


Xtreme 


femur the 


rib and femur 
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The ash-free substance does not contain phosphorus. The amount 
sulphur that could split off the form ethereal sulphate varied 
from 0.49 1.10 per cent. 

The following figures show the average percentage composition 
the preparation which have good reason 
think the purest, and also chondromucoid, determined 


Osseomucoid 1.4] 6.76 12.0S 2.04 32.7) 1.08 
47.30 6.42 12.58 2.42 31.28 1.72 


Compared with the cartilage, appears 
contain more hydrogen and oxygen 
the other its reactions practically the same. 


THE EFFECT CARBON DIOXIDE AND OXYGEN 
SMOOTH MUSCLE. 


By ALLEN CLEGHORN, Assistep ny H. D. LLOYD. 


RING smooth muscle, made two parallel sections across 


the stomach frog, including the mucous membrane, 


pended from metal moist gas chamber; second 
electrode attached the muscle the writing lever. 

passing carbon dioxide through the gas chamber almost 
immediate increase the tonus the muscle took place. 

When this increase the tonus was considerable, electrical 
make currents had effect, but break currents often caused fall. 

While the muscle was contracting carbon diox- 
ide caused rise tonus, but eventually stopped the contractions. 

Electrical stimulation while the muscle was under the influence 
carbon dioxide was followed long and slow contraction. 

Oxygen gave pronounced effect during spontaneous stim- 
ulated contraction. Sometimes the contractions appeared larger but 
less frequent. 

Often the break current caused larger contraction than the 
make; carbon dioxide would then reverse the result. 


Carbon dioxide prolonged the latent period considerably. 
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standstill carbon dioxide, recovery 
erated the application oxygen, 

metal electrodes the experiments were 


clectrodes. The same results were obtained. 


THE THE AND THI 
MELTZER. 


ON SOME OF THE COMPLEXITIES OI THE CENTRE Ot 


NATHAN 
AUER. 
STUDY THE VARIATIONS GROWTH 
Read title 


NITA AMANITA BULBOSA VERNA, AND 


Read title. 


ere 
} 
LA 
(iH 


Cl AC | 
larizal 
RT. 
for 


| 
} 
‘ 
| 


- 


THE 


WITH ESPECIAL REFERENCE THE PHENOMENA 
REGENERATION. 


CHARLES RUSSELL BARDEEN 


CONTENTS 


Intr iction 
Anatomy 
form 
Surta (> 
Muscula 
Nery s syst 
Intest ils 
Glands a 1} ul ma 4 
Environmental activities 
Sensa 
Movements i 
Central nervous system ( 
Internal act ies 
Deg n, food dispe eca 
Physiology of Regeneration 
In th ul piece after transver 
the front piece after transverse section 
”") 


the front piece after oblique section 


| from the Physi Departm ft / la 
i 
t 
1 


Charles Russell Bardeen. 


CONTENTS — (continued). Page 

Regeneration pieces incompletely separated from the body, and 
New heads directed away from anial line 
After longitudinal incision directed posteriorly 
2. After longitudinal incision directed anteriorly . 44 


following article records the results attempt de- 
termine certain internal conditions regeneration the 
Planaria undertook the work the suggestion 
Professor Jacques whom also indebted for valuable 
criticism during the progress the investigation. wish here 
Marine Biological Laboratory Dr. Loeb and Dr. Whitman, 
and the courtesy accorded the Fish Commission 
Dr. Bumpus. 
interesting historical review experimental work planarians 


1e 


given Randolph the latter part the 
century and the first half the nineteenth considerable 
number investigators experimented Shaw (1791), 
Draparnauld (1801), Dalyell (1814), Johnson (1822), (1828), 
Faraday (1832), and Darwin (1844) were among them. 
investigators discovered most the remarkable phe- 
nomena regeneration the planarian that have been described 
more recent researchers, 

Renewed interest the subject was aroused the work 
Van Duyne Van Duyne, the suggestion Professor 
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took the subject from new point view, that 
morphosis, term applied Dr. those phenomena 
one physiologically and morpholog 
unlike Duyne was able cau 
production new heads and tails vari 
cut surfaces, the new 
heads being tormed 


ituation the remain- 


original head, but 


trie ] ‘te Nat 
phosis, the production 
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Since the appearance 


shed »\ Rand 


Fence Lion ¢ a new 
Lemon 
from at anterior trahs- 


brief, the various investigators have 
that when the body the worm severed, 


surface will readily regenerate head 
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Charles Russell 


size the worm thus regenerated varies proportion the size 
the piece from which size the smallest piece 
capable regeneration has not yet been fully determined. 
cut from front the eyes will not regenerate (Morgan). 

Instead severing piece from the body, the body may split 
cases, the wound kept open, there tendency for the various 
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the median line. additional tail, additional head seen 


posterior splitting the body each half head and side transformed 
into new whole head and trunk,” (Fig. postero-anterior 
splitting each half tail becomes new tail the former 
case new additional tail, the latter new additional head, may 
appear the cut surface near the end the split the split 
extensive one, Figs. and oblique cut made towards the 
median line from the side isolate strip tissue, the bud” 
thus produced may develop into new head and trunk 
directed anteriorly, and into new tail directed posteriorly 
6). 


. 


Loeb has shown that some animals gravity conta 
other external factors play part determining the 
new organs has also shown that most animal 
external conditions have power specitic 
Duyne concludes his paper heteromorphosis 
ing that the determination the nature the 
the planarian must rest internal, not external, 

planarian, seems best give brief account 

they followed under the microscope. 

Planaria maculata 1848), the most 
common American fresh-water planarians, found 
great abundance all the fresh-water ponds 
the neighborhood of Woods Holl. It is found usually d 
groups from three four fiftecn twenty 
the under surface loose stones lying 
shallow water near the edge the pond. 

External form accurate description and 
picture its external form has recently been given 
description its internal structure, though Curti 
has given valuable preliminary note 
structure and devclopment the reproductive organ 

When resting the animal usually 
contracted length, that its outline ovoid and 
often very irregular. When extended becomes 
long, and, except for head and tail, nearly equal 
width throughout its length, the 
bit narrow for swimming the planarian 

Organbildung und Wachsthum. 1892 

The anatomy several fresh-water planarians has been described 

WoopwortH: Bulletin the Museum Comparative Zoology, Harvard 


The Johns Hopkins University Circulars, xix, 56. 


Charles Russell Bardeen. 


this vicinity varies length mm., but seldom exceeds 10, 
When extended the width the worm approximately 
its length and the thickness one-fourth its width. 
The head somewhat pointed and bi-lobed. Where the head 
joins the trunk there are two small muscular protrusions, auricular 
appendages, which the worm has the power moving about and 


which represent probably tactile organs. The pharynx lies midway 
between the anterior and posterior extremities the 

Surface. mottled pigmentation its dorsal surface char- 
acteristic. The pigment mainly below the basement 
and lacking over region immediately antero-lateral the eyes 
and over the base the appendages. The ventral 
surface usually without much pigmentation. 

The surface the body covered columnar epithelium. 
This ciliated over the ventral surface the body and the external 
surface the pharynx. The epithelium the dorsal surface and 
the edges the body without cilia save along the 
lateral margins the head and small area lateral the eves. 

this last region the cilia are very long and their motion can 
most conveniently followed. 

Rhabdites, rod-shaped bodies, the secretion special cells 
below the basement membrane the surface epithelium, are closely 
packed between the epithelial cells the dorsal 
they seem lie within the cells also, but this has been disputed 
dispersion caused the rhabdites, the internal structures the 
living worm may best studied through the ventral surface, where 
the rhabdites are few number and the pigmentation 

Below this lies the coat. The latter completely encloses 
the better developed the ventral than the dorsal 
surface. The two surfaces are connected dorso-ventral 
bands musculature, which run both perpendicularly and obliquely 


College, ISol, 
This easily done placing the worm drop water cover-glass, 
and then inverting the cover-glass over cell the margins which not touch 
the drop the cover desired flatten the worm the cover slip may 
placed directly smaller the amount water between cover- 


glass and slide the greater the pressure the worm. 
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and are inserted into just below the basement 


illustrates longitudinal sections through the 
ture. The musculature constitutes not only organ contract 
but also, together with the basement membrane, the suppor 


framework the animal. The main muscle coat, where well 


oped, composed the following layers inward 


longitudinal, (2) transverse, (3) diagonal, (4) longitudinal 


pharynx rests pocket, the lateral 
which are composed mainly dorso-ventral muscle band 
ventral and dorsal walls the pharyngeal pocket are thin, 


cn 


composed mostly the dermo-muscular coat 


animal. The pharyngeal pocket lined non-ciliat 


the anterior end the pharyngeal pocket the 
serted into the body wall (Fig. The union 


vate 
a 
diagrammati the ventral, dorsal, and pha veal n 
ventral bands In t cross sect is vs t | e of 
longitudinal shows the plan 


extension the longitudinal musculature the 
here radiates outwards. Additional strength added the 
ventral musculature. 

musculature the pharynx consists essentially two 


tudinal tubes, outer and inner, together with 
amount scattered muscular bundles, mainly longitudinal and radi 


lying between. The outer muscular tube lies immediately below 
basement membrane the surface composed 
The inner muscular tube surrounds the lumen 


and like the outer tube composed longitudinal 


lavers. Many radial bands muscle connect the 


tubes, and between the two are longitudinal bundles 


cle. For the rest, the substance the pharynx 


“parenchymal” and 
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musculature the body walls continuous the base the 
pharynx with the outer tubular musculature the pharynx and with 
the scattered longitudinal bundles. 

The muscle fibres are not cross striated. Many them are 
branched the The nuclei the muscle cells are not readily 
stained. 

The muscular framework the body gives form the animal and 
support the nervous, intestinal, reproductive and secretory appa 


Nervous The central nervous system lies 
upon the ventral musculature. consists two nerve cords which 


run nearly the entire length the are united 
dense commissural band their anterior ends, and numerous 
small commissural bands throughout their length 8). 

The nerve cords are composed network bundles non- 


medullated nerve fibres and nerve cells placed singly groups 


FIGURES — Showing the distribution of the main nerve-fibre bundles. The cell bodies 


lie the interstices and internodes. The eyes are placed relatively too far anterior. 


the region the head the bundles fibres composing the nerve 
cords and the main commissural band are numerous and large, and 
they are surrounded very dense mass part the 
central nervous system has been dignified being called brain. 
Some doubt exists whether the dense mass cells com- 
posed nerve cells parenchyma cells (Woodworth, 
general very difficult this animal distinguish nerve cells 
from parenchyma cells, and many instances impossible tell 
them apart without the use special nerve 
Morrill, who present working upon this subject, tells that 
finds this planarian unusually refractory differential stains. 
The true nerve cells seem mainly bi-polar form. Some are 
apparently probable that certain number the 
smaller spindle-shaped cells seen within and upon the bundles 
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nerve fibres are protective, possibly nutritive, nature, 
the cells which incompletely ensheath the bundles 
sympathetic system the vertebrates. 


The nerve cords decrease size from their anterior 


rior extremities. They give rise the peripheral 
the head these radiate out from the towards 
margin the nerve bundle (the optic nerve) may 
traced cach eye, and bundle the region which 


below the non-pigmented the base the 
dages. 

Passing posteriorly trom the the head one 
ous branches reaching towards the median line and from 
each nerve There seems marked regularity 
intervals which the peripheral nerves leave the main nerve cord 

the base the pharynx the nerve cords usually off 
sized nerve cach side, which enters the pharynx and runs tow 
its There well marked nerve ring about the 
the pharynx. 

The peripheral nerves contain not only bundles 
but often nerve cells, and the sheath cells mentioned above. 

the peripheral nerves there probably arises 
peripheral nerve plexus for the supply the musculature the 
body and the skin and possibly some other 
plexus has not vet, however, 
Details concerning the relation the clements 
central nervous system are also needed (Lang, 

The eyes lie between the brain and the dorsal 
are simple consists essentially cup composed 


latter lie lateral the pigment cell sends rod-like pro 
cess into the pigment cup, and nerve process into the anterior end 
the nerve cord the same side the For details concern 
ing the structure the planarian the reader referred 
excellent articles Erick 1896 and Hesse (1897) 
Intestinal system. The intestinal system essentially that typical 
the the normal worm extended for 
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LANG: Mittheilungen aus dem zoologischen Station Neapel, 
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Hesse: Zeitschrift fur wissenschaftliche Zoologie. 1897, 
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the pharynx lies midway between the anterior and the posterior ex- 
tremities the animal. From the pharynx the main branch the 
intestine passes forwards the median line terminate 
region between the eyes (Fig.9). Near the origin this main axial 
trunk branch given otf each side passes laterally around 
the pharyngeal pocket, and then courses towards the tip the tail. 
Before reaching the tip often anastomoses with its the 
opposite side. 

While there considerable degree regularity about these 
main branches, the irregularity prevails the course and 
distribution the secondary branches. These are given off both 
the main axial gut and the main branches the tail. They may 
have antero-lateral direction, though the 
former prevails the region anterior the base the pharynx, the 
latter the region posterior the base the pharynx. 


secondary branches branches are given off and frequently from 


— 
FIGUKE Showing the branching and general relations the intestines 


these still smaller branches. There considerable degree anas- 
tomosis between these smaller peripheral branches. The result 
this distribution the intestinal branches that every part the body 
save the pharynx and the region the head anterior the eves 
brought into close proximity the intestines. the case the 
smaller branches the arteries, veins, and nerves the 
body, the distribution the smaller intestinal branches here 
according the needs the part rather follow 
strict inherited type. Thus when one branch for any reason fails 
develop, neighboring branches grow out supply the territory 
deprived its more common source supply. 

The intestinal epithelium composed the main large cylin- 
drical cells very irregular outline (Fig. The cells 
spindle-shaped, narrow, and thread-like, they may broad and 
barrel-shaped, according the amount ingested 
which they contain. The nuclei are arranged rows. From time 
time epithelial cells are cast into the lumen the intestines. The 


active cells seem, however, all attached process base- 
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ment network composed extensions trom the bases the 


cells. the base the epithelium 
layer complete except for the prolongations the larger cells 


the cells above and represent the younger cells 


others are renewed. 


The parenchymal canals which the intestines lie 
detined walls composed interweaving network made 
processes the parenchymal epithelium but 
attached the walls the parenchymal canal possible 


fluids containing the digested circulate between the 
the epithelium and the lining the parenchymal cana 


the intestines into 


the pharynx the tall 


columnar epithelium 


the intestines 


ing distance from the the surrounding parenchyma 


mouth the phar- 
ynx they become The great distensibility 
pharynx subject causes the epithelial surface 
the pharynx resting the pharyngeal pocket. 
Reproductive system. The reproductive organs were wanti 
most the specimens with which experimented. 
not attempt describe them here. According Curtis 
the reproductive organs develop the 
ing the the spring these planarians reproduce 
the summer comes sexual reproduction way 
duction fission. During August and September practica 
impossible sexually mature animals some the 
the vicinity Woods Holl, while others sexually mature anin 


may found throughout this information 
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for much else concerning the structure and habits planarians 
the vicinity Woods indebted Mr. Winterton Curtis. 
excellent bricf account the anatomy and development the 
reproductive organs Planaria maculata will his paper 
which have referred 

canals, the nervous system, the reproductive organs 
and the muscular framework the animal filled paren- 
guished. These are three distinct Below the surface 
musculature, especially the dorsal region, large cells may 
the protoplasm which rhabdites have been These 
cells are connected process with the surface the body. (2) 
Throughout the parenchyma near the surface the body but espe- 
cially along the sides the body and the ventral region just behind 
the head, cells may found the protoplasm which with 
granules staining dark blue These are mucous 
questioned whether the secretion these cells reaches 
the surface the body through processes the cell connected with 
the body, interstitially (Chichkoff, (3) the parenchyma 
the and the vicinity the main intestinal trunks 
large granular cells may seen which stain intensely Congo 
probable that these secrete substance that enters the intestines. 

addition the secretory cells just described probable that 
there exists excretory system the flame-cell, cell-chain type. 
Chichkoff pictures this for several species planarians. have not 
been able see the somewhat opaque Planaria maculata. 

Aside from the gland cells just described, which, properly speak- 
ing, perhaps not belong the the latter made 
cells the nuclei which stain cell boundaries are 
not distinct, but for the most part the cells seem belong the 
branched connective tissue type. 


have given more extended account the anatomy the 
planarian than should were not that the published accounts are 
scattered and the text-book accounts incomplete. the physiology 
the planarian far less known. 
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convenient separate the activities animal into 
those through which put into specitic relation wit 
environment and those which subserve the 
draw sharp line between the two 

the former group belong sensation, movement, and 
vous activities correlate them. shall take these int 
order mentioned. 

Environmental activities. Sensation planarian 
shown that the planarian reacts light even when its head, 
ing brain and eyes, has been have 
small pieces the planarian, capable ment, 
reacts light that when comes rest after moving about 
dish stops place where the light subdued, the sid 
dish front window for 
this nothing known its animal seen 
move about more night than day. 

The susceptibility light apt become lost the worm 


Chichkoff has found 


a 


altered when these planarians are 
tends disappear 
touch, the planarian apparently over 


whole surface its body. Not only does the planarian react 
withdraw from unpleasant foreign body, such for instance 


pin-point, but also shows certain 


placed on the bottom of a olass dish containing water it will Wit 


the side the dish and come rest position 


however, piece glass placed over the dish touch 


surface the water, large number the worms will follow 


side the dish until they come the piece glass, 


upon its under surface, coming rest horizontal position 
the back towards the ground. Some planarians which placed 
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vial boiled water order test the effects lack oxygen 
upon them, crawled toward the cork the cork end was above, and 
toward the bottom the vial was placed upside 
there was presumably more air near the cork than elsewhere the 
vials, the worms all remained the glass end vial left upside 
down until they died 

several planarians are placed small amount water the 
bottom bottle and the bottle turned bottom they will crawl 
down the sides the flask back into the water. One might here 
suspect specific attraction the water the planarian. But 
the planarian placed drop water glass slide and the 
slide held vertically the planarian will downwards 
direction taken the drop apparent that the mechani- 
cal stress the drop water such cause the planarian 
crawl downwards. both the inverted bottle and 
the glass slide the planarian proceed direction opposite 
different from that given the drop water But 
such counter-movement seldom long maintained. 

The cilia are supposed play part the sense touch. 

have been unable satisfy myself that the worm sensitive 
anything but light and might naturally supposed that 
taste should also included. Yet repeatedly found that 
worms which have been kept pure rain water for week two, 
and were thus hungry condition, would remain unmoved the 
presence close their side piece fresh snail, food much 
prized them. one these worms was then removed slide 
immerse it, would rule soon protrude its pharynx, search 
possibly the pharynx thus extended was 
place bit This then would quickly swallowed 
much more could given it, until the worm was swollen nearly 
bursting with food. The pharynx will refuse 
intestines pieces carmine other hard particles, and 
able judge from incomplete experiments, peristaltic swallow- 
ing movements are set only soft pulpy objects, like the 
body snail. 

The region just posterior the auricular appendages has rich 
nerve Whether possessed any organs special 
sense not known. 

Movements. movement animal may cither placed 


different attitude towards the environment which remains, 
may first consider the locomotion the 

This takes place one two ways, means contact 
with solid body, without such contact the latter 
simple action the cilia the ventral surface the body scen 
times sufficient propel the planarian. body such 


le Cannot detect 


slightly rare, however, that 


the little animals thus moving through the water 
waving movement the sides the body near the head that aids 
propulsion. The action the cilia can most easily studicd 


the moving animal the margin the head antero-lateral 
eyes. When the animal moving its usual direction, forward 
the direction the the cilia caudal. When the head 
comes rest the ciliary action becomes slower; may 
even cease for short time. When the movement the head 
direction towards the posterior end the animal, when, for 
instance, the head suddenly drawn back 
movement the cilia reversed action may 
sibly set the mechanical friction the water. 

The slight waving movements noted the margins the 
during the gentle gliding the animal through the water, 
much more marked when the animal moves more 
most violent swimming movements contraction waves 
able size may pass along the body from head move- 
ment may sometimes seen especially well after 
frequently have seen them crawl short distances 

While the swimming the planarian takes place means 


cilia supplemented 


muscular the the worn 
prog 

means muscular activity. this the ventral 


the worm may held coneave, thus bringing the margins 


the body which are free from cilia into contact with 
means the secretions the mucous the lateral 
take firm hold the surface which thev rest hold next 


relaxed the the head and this 


The wave extension pas caudalwards, 
contact being meanwhile released. the time the worn full 
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extended the head has taken new hold, not only the edges, but 
also the ventral surface. When the tail relaxed the posterior 
part the worm brought forward sudden contraction the 
whole worm. When excited rapid movement the back some- 
times arched during the movement contraction, after the manner 
leech. Backward movements nature the reverse the 
normal forward movements are occasionally made worm 

addition these movements locomotion the worm may 
twist its body any direction, readily right itself placed its 
back, withdraw its head well within the neck region, protrude its 
auricular appendages, extend its and stretch 
direction, and perform numerous other been 
able distinguish distinct correlation between the movements 
the and those the worm The 
may protruded not only while the 
tracted, but also when expanded 

sensory stimuli give rise movements, and the movements are 
considering the anatomy the central nervous sys- 
tem have seen that comparatively simple 
arranged that any given level may govern the 
all parts posterior that level. Thus the normal worm 
slight prick the side the body may give rise merely local 
reaction, and retraction the body that however, the 
prick repeated made more severe, the whole worm may set 
into movement and the local reaction quite lost the general 
movement. this reaction the whole worm movement nearly 
always begins the the swimming animal wave con- 
traction may pass from head tail. crawling, the 
stretches forth, and then the rest the body extended turn. 
the other hand, longitudinal contraction seems usually sud- 
den, and atfect the whole body nearly the same the 
body cut two any level, the anterior end each section 
acts the part general centre co-ordination for the whole piece. 
Loeb! has shown, the brain has observable specific function 
the planarian. the nerve cords severed cut through the 
ventral surface that does not extend completely through the animal, 
sensory impulses are not transmitted from the part posterior the 
cut the brain. the contrary, stimulation the posterior 
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piece causes contraction and expansion this 
ever, muscular movement may pass over the cut 
the anterior the posterior the animal whole 
rapidly and then the anterior piece stops 
slowly, the rapid movements the posterior usually cont 
posterior picce for some hours the operation. Normal activity 
the nervous system restored the severed cords are 
tact from hours, 

Internal activities. — on, food Atspersto? Mil 
with the external the animal 


paratively study the int 


much more planarians without developed 

tive system the internal centre chictly about 
branched intestinal passed into the 

peristaltic waves the contraction the wall 
the food thence passed into the caudal divisions 
into all its Branches food and its distribution 
manner mentioned above (p. 14) and 
the microscop method the anim 
water cover glass and invert this over 


animals with slight pigmentation answer best 
remarkable with what rapidity the food evenly distributed 
intestines means the various movements the body wall 
the Just what assistance the internal 
the worm, the dorso-ventral bands, have been unable 

food is, however, kept kind circulation, ren 
dered possible the numerous anastomoses the more peripheral 
branches the 
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have made experiments which have enabled 


but seems probable that the main, however, the 
tion intracellular, and the intestinal cells after feeding may 
filled with bits food and with various refractive particles. 
these strongly refractive particles possible trace the out 
lines the intestines the living animal 


After the intestinal epithelial cells have become with food 


particles the food debris remaining the lumen the intestines 
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cast forth. This process detecation takes place means 
series sudden contractions the whole animal while the lumen 
the pharynx held this process has taken place the 
intestines are very sharply outlined the food particles which give 
marked color the intestinal 

takes place rather the end week 
fecding, however, marked changes have taken place. The food has 
become converted into globular refractive particles which distend the 
intestinal epithelium much more than did the original particles 
food. Some these refractive bodies stain dark brown iodine 
solution, others are turned black acid, and some seem 
affected neither The effect the distention 
duced the epithelial cells cause many them 
lumen the intestines becomes filled with swollen 
bling fat cells and the intestines are thereby much distended that 
becomes difficult follow their outline. This intestinal 
seems partially absorbed into the tissues, partially 
uated from the animal. 

While trace the food into the cells the intestine, 
exceedingly make out the processes whereby the food 
stuffs are transferred the tissues and internal respiration carried 
on, Within the parenchyma many spaces are seen the meshwork, 
which doubtless serve for the lymph through the tissues, 
flow aided the contractions the general distribution 
the digestive apparatus likewise reduces the necessity for 
plicated vascular system for the distribution food stuffs. also 
possible that the space between the intestinal the 
inner lining the enteric canals the parenchyma serves convey 
fluids from one part the another. The lumen the intes- 
tine therefore serves the region for the distribution 
food stuffs and aerated water, the perienteric space may serve for 
the distribution the digested stuffs, and the intercellular 
spaces the parenchyma for that the tissue bathing lymph. 

The intestinal epithelium serves not only digest food, but also 
storehouse for digested food. 

Respiration. Respiration must carried part through the 
fluids which enter the intestine, part from the surface the body 
where helped the movement the cilia. 


have been able discover rhythmic activity the 


pharynx the intestines. The facts, however, that the muscular 
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the cell mass thus produced the musculature and parenchyma 
the new head are differentiated. 

Anastomosis fusion the anterior ends the two main 
posterior intestinal branches produce axial gut, and the 
development new branches from this. 

Transformation the posterior this gut into new 
pharynx. 

Growth forwards into the region the new head branches 
arising from the two lateral nerve cords, and the production new 
brain and eyes. 

Further differentiation into worm normal proportions. 

These phenomena are illustrated and 13, and will 
now taken detail. 

section made through the body the planarian 
region posterior the pharyngeal pocket the tail 
piece thus isolated makes once number violent 
the main these are movements longitudinal 
pansion and contraction, often unequal force the 
dorsal surface, cause bowing the picce. these 
more violent movements the tail piece usually crawls swims 
about for short time, and then comes into state rest the 
bottom the dish. 

Meanwhile the circular and oblique musculature the margin 
the cut surface contract violently bring about the condition 
shown Fig. 11, The dorso-ventro-musculature near the cut 
edge also contracts; the cut surface thus reduced the smallest 
possible dimensions, while the tension under which the exposed 
tissues are placed serves mechanical hindrance the entrance 
fluids from without. The contractions the animal have mean- 
while forced into the semicircular space formed the infolding the 
edges the wound certain amount parenchyma. From each 
the cut enteric canals short bit intestine likewise extruded. 

Some the cellular mass thus extruded into the 
space becomes separated from the animal and floats away. The 
greater part it, however, remains place. The cells immediately 
exposed the water, both the parenchymal cells and the intestinal 
cells, undergo mucoid degeneration, well seen 
preparations, and this serves protect the tissues until the wound 
covered epithelium. 

From the margin the intact epithelium thin sheet 
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soon spreads over the exposed cell mass. cells 
out from the epithelial margin they assume flattened instead 
columnar form, 


cover the surface the more 


is covered by the flattened 
tion rapid until lateral 
pressure cells 
columnar form. Soon here- 
after thes become ciliated. 

ably ad\ inced, rhabdites 4 
cells below the sur- 
face and then forced 
into the surface 
where they lie between and 

Meanwhile there has 
been very rapid multiplica 
tion among the parenchyma 
this continues the 
infolded edges the old 
tissue are gradually forced 
and the cell 
and assumes and place the 

rey il \. 


more the characteristics 
able time the animal retains 

the power partially withdrawing the head and closing the 
the old tissue, that one often surprised the development 


the head when the animal aroused from state contraction 


and proceeds move about. 
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have not been able follow the differentiation cell 
forming the dense mass which first formed front the cut 


surface into parenchyma cells and muscle cel 


] 
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vital importance the determination the arrangement 


the clements going form the head the relation the new 


mass the intestines. the the muscular contractions 
the anterior end the animal and the extrusion parenchyma 
cells the anterior extremitics the two intestinal 
branches are brought into close proximity. Within the first forty- 
hours fusion takes place produce anteriorly the 

single axial cut Thus produced intestinal distri 


bution similar that formed the adult worm, except that 


axial gut short. The details 


process intestinal fusion are follow, owing the 
form the intestinal That fusion intestinal 
branches normally indicated the frequent anastomosis 


normal worm. Ifa cut 


J 


between the intestinal 
made completely through worm dorso-ventral direction 
sever the intestines, and the cut surfaces allowed heal 
together again, the intestines will found completely united within 


serves pro 


intestinal branches puts them into condition whic 
mote anastomosis. 

The cells the newly formed intestinal branches bricht 
refractive particles and but little therefore easy 
distinguish them from the original intestinal branches, provided 
worm has had food not too long before the worms 
fed soon before operation that the intestinal cells are filled with 
food regeneration very much retarded, owing prob- 


i 


ably interference with cell reproduction caused the presence 
contained masses food The pharynx worms fed just 
before cutting develops about seven worms fed not too 
recently develops usually within five days. 

the other hand one operates worms recently the 
digestive processes continue much normal worms. the 
end week after feeding the intestines have become much dis- 
tended and the intestinal contour hard this reason 
the clearest pictures are often obtained operating worms that 
have been long without food. 

The regenerating worm makes movements various The 
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multiplication takes place the latter, and place cells with 
extensive protoplasmic processes, find small ovoid cells 
embryonic type densely packed together. The tissue posterior 
the axial gut now appears quite 13, A). 

axial gut extends further posteriorly ending 
cess beyond the place anastomosis the two posterior intestinal 
branches (Fig. About this extension the axial gut the 
embryonic tissue becomes especially dense 13, B), and space 
appears surrounding this denser tissue all sides except that 


towards the axial This 


space represents the phar- 

apparently 

munication with the surface 


the cell mass 
about the extremity the 
axial the 


beginning the 


growth posteriorly, and the 


small round cells compos- 


oy 1 ‘rel 
axis the regenera into the tissues character- 
four stages the formation the pharynx istic the phary nx. 
tissue posterior to t iX thout two 
days isolation the Differ ynx the time the for- 
entiation embrvonic tissue about the axial mation its 
gut d formation o phx weal pocket 
pharyngeal 13, represents the phar- 
(about days after isolation the through the 


the pharyngeal pocket. 
This opening formed invagination the external surface about 
the fourth fifth day after the isolation the tail piece. 

Meanwhile the nervous system has been growing rapidly and 
soon after the appearance the pharynx the eye spots become well 
marked. Under normal conditions the pharynx appears several 
hours before the appearance the eye spots. 

the contraction the musculature the anterior extremity 
the piece the nerve cords have been brought nearer one 
each them processes grow forth into the new 
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tissue. largest thes 


the median and then from each side 


commissure the new (Fig. 


general stages the production 


described Flexner the main 


contirm the conditions tound Flexner, 


with him his deductions. 
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newly formed parenchyma Between but 


nerve cells can Mitosis met with 


was unable find it) these cells 
and not lack cell division responsible 


the cells the eve wand 


nervous svstem, and not 


His: Archiv fur Anatomie und 


| Low th median Ne anterior 
first thing one notices about the cut end the cord 
isa granular degeneration nerve fibres and som 
thus direct the way into the new tissue, the new 
wander along these form centres, when new bundl 
are again sent its essentials, theretore, 
the nervous system here corresponds closely with the growth 
nervous tissue the developed nervous system 
planarian, cannot 
Phe regeneration the eye has been studied 
the eves are not well developed, though the pigment the pigment 
cup makes them visible, and the pharynx not 
ferentiated and rather too far 
slightly narrower than was the parent the region 
midway between the two owing part 
backwards the axial gut, part growth forward 
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head. from two three weeks the new worm may 
perfectly normal proportions. 
The newly regenerated areas remain long but slightly pigmented 


The processes ot 


4 > J 


near the posterior 
tremity the worm 
¢ somewhat siower, 
Regeneration the 
tail piece after oblique 
tail severed from 


body obliqu 


) section the processes 
of regener: tion all 
essentially the same 
after transverse section, 

but there 
transverse section, 
14.— illustrate the growth anewhead can therefore not 
pharynx from tail piece after oblique ect closely contracted 
weeks after isolation. body musculature. 


long side the 
tail piece the edge curls towards the cut surface, and the short 
side the edge bends in, showing that the cut surface has been reduced 
the smallest possible dimensions muscular activity 15, 

The anterior end the main posterior intestinal trunk the 
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11 
pieces isolated DV transverse section, - 
the leneth the cut 
anxis of the head at tirst torn 
Voa reatel tion 
the short side the cut 
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bo \ il nt t \ t 
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ntil tip the hea 
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Regeneration the front piece after transverse section posterior 


the pharynx. the processes regeneration 
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that part the tail piece posterior the region where the new 
pharynx formed remains essentially unchanged. The simplest 
phenomena scen the regeneration new region may 
followed the posterior extremity the worm 
normal fission are essentially the same after artificial transverse 
section. 

The main steps the process are follows: 

Partial closure the wound through the action the 
musculature. 

Protection the cut surface, first mucoid tissue, later 
epithelium. 

Multiplication parenchyma cells near the cut surface. 
the cell mass thus produced the musculature and parenchyma 
the new tail are differentiated. 

Posterior prolongation the two main posterior trunks the 
intestine. Branches may arise from these, and anastomosis between 
the latter often occurs. 

Growth posteriorly the two nerve cords and the innervation 
new tissue branches which arise from them. 

Further differentiation into tail normal proportions. 

steps this process are illustrated Fig. 15. 

the section made the region indicated Fig. find 
that the worm after few spasmodic movements soon goes swim- 
the musculature contracts the cut surface, though 
vigorously than the anterior end the tail piece. 

The protection the cut surface brought about the same 
manner the anterior end the tail piece, and therefore 
description the process may omitted here. 

The multiplication cells the cut surface very vigorous, 
vigorous that from three four weeks new tail piece pro- 
duced proportions similar that the lost tail. 

the new tissue develops the intestines grow back into 
supply it, much blood vessels animals provided with vas- 
cular system. The growth the intestines takes place described 
the regeneration from the tail piece. The diagrams Fig. 
illustrate the process general outlines. 

The nerve cords grow backwards into the new tissue and occupy 
position ventral and lateral the two main posterior intestinal 
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branches. Growth takes place 


the regeneration the nervous system 

The tail gradually restored norma 
planarians the tail simple 
until the pharynx come 


¢ 


similar that 


worm, Normal intestinal then set 
and growth the tail 

Regeneration the front piece after oblique 
section posterior the pharynx pro- 
cesses that take place here are 
similar those that take place after the tail 
has been severed atransverse 
consequent contraction the muscul 
the long axis the new tail first 
obtuse angle the anis the worm 
the short side the animal that the tail 
gradually brought into line with the body. 
greater growth the short side may 
due the fact that the new tissue 
double intestinal supply (Fig. 
REGENERATION AFTER DIVIDING 

THE Boby Ways. 

Among the phenomena regene- 
ration which after severing 
features which occur regeneration 
from pieces isolated from any region Fic 
nomena may grouped pha 


Reduction the surface 


posed the cut the smallest possible 


dimensions. 
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Protection the cut surface first transformation all 
cells directly exposed the water into mucoid cells and later 
epithelium which extends outwards from the margins the wound. 

Multiplication cells near the cut 
the cell mass thus produced the musculature and parenchyma lost 
parts are according the relation the cell mass 
the axial Anterior the axial gut the cell mass 
into the tissue the head, posterior the axial gut into the 
the tail, and laterally the axial gut into the tissue the side 
the body. 

The axial gut may formed, the case the tail 
fusion anastomosis two more branches the intestine, 
single intestinal branch lying within the isolated may 
transformed into axial From the axial gut branches extend 
into the newly formed tissue supply with nutriment just 
newly formed tissue animals having blood vessels vascularized. 

tissue immediately posterior the axial gut transformed 
into embryonic tissue, and from this pharynx 
pocket are differentiated. Near the opening into the 


axial gut gives off each side one more posterior intestinal 


branches. there one principal trunk each side the 
These serve supply nutriment newly developing tail. 
Posterior the pharynx the tail until its tip 
mately the same distance the anterior extremity from the pharyn- 
geal pharynx develops posterior the point least 
intestinal pressure, the point where intestinal contents are forced 
when the whole body subject spasmodic contraction. 

The nervous system developed regenerated parts 
from the nervous system the original isolated piece. The 
central nervous system developed symmetrically with 
the axial gut. 

The isolated piece finally becomes into worm 
normal activities and proportions. 

The reproductive organs are not regenerated 
animals sexually probable, however, that they 
are developed later the worms which are regenerated from isolated 
pieces just they are from worms from pieces isolated 
from natural fission. brief note this process see Curtis 
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Fig. 17) will not regenerate. have found that the regenera- 
tion head depends whether not some the intestine 
contained the piece The principal phenomena noted 
when section made through the body anterior the pharynx are 

the cut made anterior the eyes Fig. 18) the 
isolated may live for three days more before 
ing this time the exposed surface becomes covered with 
and the piece may move about. further regeneration than that 
the superficial epithelium occurred any the pieces with which 
What might happen could they kept alive 

circular cut made just anterior the intestines that 
intestinal tissue the piece isolated Fig. 
cut surfaces will heal together (Fig. 17, have been able 
keep such piece alive five six days. internal differentiation 
was noted 

curved section made slightly posterior the one just men- 
tioned, include the tips the anterior intestinal branches 
(e-f, Fig. 17) the cut edges will heal together (C, 17) and the 
bits intestine will fuse form single axial gut. Such piece 
have kept alive for ten pharynx had formed during this 
period, but the density tissue the posterior end the gut 
seemed indicate that pharynx was about 
the piece that lived longest died during the night, that the 
Was not condition for microscopic examination. 

transverse cut made between the region the auricular 
appendages and the pharynx, the cut surface protected first 
the action the musculature, the exposed surface cells 
epithelium, the manner previously described for 
tions. mass embryonic cells quickly collects the posterior 
extremity the head piece. About the posterior extremity the 
axial gut embryonic tissue formed from which the pharynx and the 
pharyngeal pocket are Under 
the pharynx may differentiated two days. rapidity due 
the main the fact that the process retrograde metamorphosis 
necessary before pharynx can developed tail piece here 
unnecessary since the embryonic tissue the cut surface utilized. 
the lateral branches nearest the new pharynx are devel- 


oped the main posterior intestinal trunks. These extend back into 


‘ 


ventral the main posterior 


are essentially the same, 


obtuse angle, and only later 


head piece Is eparat 


Regeneration cross pieces. 
head region, posteriorly 
least intestinal pressure new 


a 


the body 


very simple (Fig. Such 
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described occurring when the region posterior the pharynx 
removed from normal worm, 

the cross piece taken from the pharyngeal region, the 
pharynx lends complexity the situation. 

rule, the cross piece the pharyngeal region, 
the pharynx becomes united growth tissue from the walls 
the pharyngeal pocket the latter, retrograde metamorphosis sets 
in, and the pharynx finally replaced 
another pharynx developed posterior the point 
least intestinal pressure. The reason for this replacement the old 
pharynx new one probably due the lack support offered 
the cross piece the old pharynx its movements 18, B). 
From pharynx alone new worm never developed. 

the cut separating the cross piece anteriorly passes close the 
base the pharynx usually takes some time for head develop, 
owing the obstacles set the way the development axial 
have seen cross pieces cut and posteriorly 


the pharyngeal cross piece develop heads with several days 
before the pharyngeal piece. the cut passes slight distance 
front the base the pharynx (Fig. 18, that the cross 
has axial gut and two main posterior intestinal trunks, new head 
piece very rapidly regenerated front the axial 
new tail regenerated from the cross piece the manner 
described for the development new tail posterior the pharynx. 

cross piece cut anterior the pharynx very readily regene- 
rates both head, tail, and The axial gut the parent worm 
becomes the axial gut the new worm. The new head developed 
front the axial The new devel- 
oped posterior the point least intestinal pressure, which here 
corresponds closely the end the axial gut. The new tail 
developed symmetrically posterior the pharynx, branches 
from the axial gut extend back into form the posterior intesti- 
nal trunks (Fig. the case head pieces the pharynx 
develops rapidly from two three days. 

cross picces.—The phenomena seen oblique cross 
pieces are very similar nature those seen transverse cross 
pieces, though differences prevail. The phenomena 
occurring oblique cross pieces through the region posterior 
the pharynx are similar those seen the regenerating tail piece 
after the tail has been severed oblique cut from the 
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body. The phenomena occurring the anterior end 


section through the region the pharynx are similar 
curring the anterior end oblique cross trom the 

The processes occurring the latter are shown 


pharynx seems develop always the posterior 
tremity the old axial the other hand, shown 
case very oblique cross piece lateral branch the old 
gut may into extension the cut 
head then develops symmetrically about the tip this, and 


somewhat lateral the axis the parent The new worm 
are much narrower and longer than the transverse pieces from which 
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Regeneration pieces containing pharyngeal and tail regions 


the body worm cut transversely obliquely anterior 


region the pharynx, the picce posterior the cut will restore 
lost parts. the cut made near the base the pharynx 


lost parts are essentially similar those occur 


1 1 
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the regeneration the head area cross pieces, that 


description them not necessary here. new head area seen 


cross piece the anterior cut not deprived 


pharyngeal and tail regions. determine the influence the 
performed the following experim 
Fifteen worms were decapitated the cut a-b, Fig. 


following day anterior cross piece, was removed from 
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these worms, and the third day after the operation similar 
cross piece was removed from five more. the close the third 
day, therefore, had 
Lot pieces, eab. 
Lot pieces deprived for few hours, 
10 pieces ecd, which can be disregarded. 


all three lots, and the head areas began well 


differentiated the fourth day after the original operation. 
dividual pieces each the three lots eye spots could seen, and 
the fifth day these were visible the heads all the individuals 
therefore exercise deleterious effect upon the development 
new head region. 


] 


Regeneration lateral areas and side pieces. area latera 


the axial gut removed from worm this area 
essential 


the rest the worm. 
lateral arca (side 
(See page 35.) piece) thus removed, 


not too smal » a new worm 


will regenerated smaller size than the original 


Restoration lost lateral arcas. longitudinal lateral area 
removed, after making the cut a-b, Fig. 21, the worm contracts 


1 


once the side towards the cut surface, thus reducing this the 


smallest limits. nearer the middle line the cut comes, the greater 
the contraction. Along this cut area embryonic formed 
and this gradually differentiated, that the area the right 
the mid-line the animal becomes similar that the left 


mid-line. This transformation embrvonic tissue due 
probability the fact that the cut side the intestinal branches 
are short and intestinal fluids are sent with especial force the 


that side the worm. Growth continues until the intesti 


nal balance The development tissue the cut side 


the worm back into position which its long 
axis forms straight line. New intestinal branches grow out into 


the new tissue. cut has been made near enough the mid-line 


remove nerve cord, the latter restored from that part the 


central nervous which remains. From the brain there 
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his being restored new nerve cord grows 


the brain. This growth takes 


The lower end the cord 


the original cord, shown 


becomes smaller durin 


lateral area removed from 


21), the remaining half the 


cut and may made become 
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These two examples may suffice indicate, general way, the 
nature the process the restoration parts lost from the side 
the body. 

may removed from the body great variety all 
cases subsequent development essentially similar. 

Owing the contraction the longitudinal musculature along 
the exposed surface, side piece quickly curled into circular form 
(Fig. 22, A). 

The violent contraction the musculature forces out con- 
siderable amount parenchyma tissue and this soon partially tills 


a 


illustrate the regeneration worm from side piece. Line 


Point opposite which head develops. days after remova 


One week after removal. 


the centre the ring-shaped body formed the contraction the 
musculature (Fig. 22, This shortly gives place 
cell mass, which gradually into head, tail, and lateral 
regions the new worm. 

The axial gut formed usually anastomotic branches which 
serve join together the cut ends the branches the original 
axial gut 22, after the axial gut formed new 
pharynx differentiated posterior the point least intestinal 
pressure. the piece illustrated Fig. 22, this took from six 
seven days. The head developed symmetrically about 
terior end the newly formed axial 
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produced when anteriorly directed main intestinal 

trunk (axial gut) directed against newly formed embryonic tissue. 

The head then formed radially about the end the gut. 
tail produced from embryonic tissue about the end 

main intestinal branches posteriorly directed and lying posterior 

the point least intestinal pressure. 
formed just posterior the point least 

intestinal pressure. normal parenchyma lies here converted 

first into embryonic tissue, and from the latter the pharynx and 

pharyngeal pocket are differentiated. 


lateral region developed from embryonic lying 


( 
23.— illustrate the development two heads when two oblique surfaces 
exposed anteriorly. Condition hours after making cut. Condition days 
after making cut. The nervous system is not represente d C. Condition 18 days 
after making cut. The intestinal system represented very 
reality the branchings this stage resembled closely those shown 
one side the main intestinal trunks. Development continues until 
the newly formed tissue sufficient counterbalance amount the 
original tissue lying the opposite side the gut, until the 
normal proportions the worm are reached. 
shall consider this section the production (1) two more 
head regions and (2) two more tail regions, taking up, 


each these, the regeneration new pharynxes and 
lateral regions. 

The regeneration two more head regions.—a. New heads 
directed away from axial the body cut indicated 
23, front behind the pharynx, rule two heads 
develop, see Fig. 23, and This due the fact that much 


more embryonic tissue produced front each oblique cut 


~ 


Lhe Physiology of the / Lan Var wlala. 


surface than front the angle which they meet ant 
main lateral branch cach side the axial cut 

into this embryonic tissue, the bran 
exceed length and importance that part the original 
lying anterior the point where the lateral branches 
The retrograde process the gut 


naturally done making the lateral 


the functions axial gut, and have two new 


uniting front the pharynx the cut made 


the these axial guts new head 


are formed the usual manner. 
The growth the central nervous system interestin 


marked commissure developed the region 


after section, ventral view. One week after sect ventral view 


after section, dorsal view 


where the two head regions meet the middle line 
This commissure intimately related the brain each 
and takes the place lateral 

produced cut surface which posterior 
musculature bordering this surface. Van gave 
most interesting specimen the kind which have had 


tunity studying shown Fig. 


branch sent large process posteriorly and another anterio 


24, the tips both posterior 


original axial gut became bi-axial gut the regeneratin 
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Stimulation head caused movement the opposite head 
before the body was set motion. Each head piece became 
capable extensive movements various directions. the most 
part the movements one head were independent those 
other head. The worm was accidentally destroyed, that could 
not study its nervous system. 

spite repeated trials was unable find another worm 
which the intestines were arranged that cross section like the 
above resulted producing similar double-headed monster. 

New heads directed towards the axial new head 
usually developed the anterior end the median surface 
piece partially isolated making 
posteriorly 
incision. head often developed 
the anterior end the cut surface 
when the incision directed anteriorly. 

the made anterior the 


the median line from the tip 


incision kept open, 
25.— illustrate the piece will regenerate new head, 
eneration after median long 
pharynx Immediately after the incision the 
two head pieces contract curl 
inwards across the median line. this muscular 
only the area each cut surface reduced, but also the cut 
surfaces are brought into close contact near the limit the incision. 
this point suturing begins, and often will extend rapidly head- 
wards, that the two head pieces will once more united unless 
this artificially prevented. 

this prevented new axial gut developed near the cut 
surface head piece. These axial guts are developed part 
from the remains the original axial gut the incision has not 
been quite the median line, and part from anastomoses which 
are formed between the cut ends the lateral branches the 


original axial gut. 
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new embryonic tissue produced along the cut 


branches are sent out into this from the axial 
area the newly formed tissue equals extent that 
tissue lying the opposite side 
symmetry has been restored, the worm 
appearance seen Fig. The two heads hay 


dent The nervous system 


previously described for side one instan 
cord developed the side towards the cut 


head pieces, and this side only one 


the incision made lateral 


median line 26) the cut ends the 


lateral branches the axial gut become 


united anastomotic branches, 


becomes arranged abou 
this. remarks applied the 

velopment the nervous system side 


pieces will apply here 
new lateral cord not developed, and 


the slip has head with but one eve. 


Usually these double-headed mon- 


sters the pharynx becomes 
hypertrophied. 
When the made postertor 


near cnough the median line include 
one the two intestinal 


trunks, this becomes the gut the 


attached side pi ce, Otherwise some of the lateral br: 


this function. The experiment succeeds much bett 

verted into the axial gut the side 


new head and side symmetrically about 


developed all specimens which new head 
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pictures pharynx most the specimens which tried 


imilar experiment. 


number instances head develops about slip 


tissue placed about the anial gut 
about the extremity the slip and 
the explanation the fact that the 
( | | 
Fict 27.—To illustrate the ree the 
veneration te a longitudin \ 
Such slips time show well marked auto- 
matic power. definite action the body 
head tissue. 
New heads after longitudinal 
generated the anterior end surface instance where 


after longitudinal incision directed anteriorly, 
provided main intestinal trunk severed 
that the gut terminates this 
likely the incision made the 


line and carried well towards the head. 


a head failed to develop 
at the extremity of a 
slip separated 


teriorly. 


Fig. shows the conditions which give rise two heads this 


situation. 


The eftect 


this incision destroy the origi 

region the head (Fig. 29, lateral 

gut become united near the cut surfa 
tomosis does not extend the axial gut the 
formed gut, terminates near fresh cut surta 

29, and new head becomes formed symmetrically 


large anastomotic branches remain are developed between 
new axial guts and the intestines the head 
(Fig. 30). 

the original axial left one side 31) 
case, however, portion head was developed 
the axial gut was continucd nearly uninterrupted into the 
the partial development the head the left 
due lack complete union between 
the head. 


veyed into the old head peripheral anastomotic branches. 
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This specimen was also interesting because illustrating not un- 
common sight, two pharynxes evidently representing two points 


30.— show the arrangement the intestines and nervous system after 


longitudinal slit which new heads developed. 
least intestinal pressure the right specimen pictured 
from the ventral surface. 

the median incision carried beyond the each half 
head restored the outgrowth and differentiation embryonic 


tissue (Fig. 


tal 
| 
head the opposite side, after 
tudinal slit. the ris side are two 
pharynxes. Viewed from ventral surface. 
days after section. days afte 
section 


all the instances mentioned this section bilateral symmetry 
to 


restored respect the axis extending through the new 


the centre the new head. 
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II. Regeneration two more tail regions 
symmetrically formed about the included intestinal 


ever slip partially separated from the body 
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which correspond nature and time with thos 


region, this the slit extends far ant 
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hand abundance planarian material. phenomena shown 
the intestines during regeneration may followed day 
day small, thin, slightly pigmented worms, especially piece 
cover-glass used exert pressure upon them. The 
ing pieces live well placed small shallow dishes kept very clean. 
most instances kept worms rain probably 
contains some food material for them, but they decrease size unless 
the latter purpose crushed fresh-water snails are exception 
ally good, method suggested Winterton Curtis. 

Studies the changes the nervous system are 
less satisfactory than those the intestines because they cannot 
followed the same specimen from day Instead, 
must hardened, sectioned and stained different stages. 
general work dilute Fluid makes good fixing agent. 
and dilute followed Congo red 
make satisfactory stains. Only the coarser general features the 
nervous system, however, can followed this im- 
portant that special sclective stains used this This 
have not done. 

diagrammatic drawings accompanying this paper have been 
based far possible actual specimens, being, except case 
the nervous system, the main, free hand sketches made from the 
living specimens. attempt has been made preserve accuratcly 
the relative size the various specimens stages. 

the results obtained the reader referred the 
headings the various sections pages 19, 29, and 40. 

this place desire discuss merely the most general results 
and the conclusions have drawn from them. 

Regeneration takes place the transformation adult tissue into 
embryonic tissuc, and the differentiation the latter into parts and 
organs which restore small large sized piece worm those 
parts which are lacking make complete 

Embryonic tissue formed the specimens here 
two places only, (1) near cut surface and the region 
the picce just posterior the point least intestinal 
embryonic tissue meant tissue composed small ovoid closely 
packed cells with large nuclei. 

The causes the production embryonic tissue near 
cut surface are may that slight change 


motic pressure due the exposure internal tissues the water 
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responsible. may that enzymes are set tree the injury 


have tried cutting planarians two with red-hot 

see cauterization would prevent the formation 

the small size the Planaria maculata and the medium 
with which surrounded even when removed from the water, too 


much injury done the heat the make 


however, the tissue always formed and 


The cause 
the point least intestinal pressure equally 
much slower and preceded retrograde metamorpho 


adult tissue. might assume that here certain intesti 


the main axial gut becomes converted into head 
part the old head remains tuation the new 


the missin 


serves 


the embryonic lies lateral the axial gut line 
tly posterior this becomes converted into new 
lateral region the body, that the worm becom bilaterally 
syminetrical respect the gut. 

the embryonic tissue lies the posterior end the axial 
behind the point intestinal pressure, 


verted into new and phary 


the embryonic posterior the pharyngeal 
becomes converted into new tail region 
branches which extend from the axial around the 


into it, and becomes svmmetrically arranged 


i 


these main posterior intestinal branch 


far compatible with the regencration who 


from part worm, the piece from which the new 


restored occupies essentially the same. position in hh Hew rim 


that did the old, and remains its internal ntially 


unalte red. 


Unlike the pharynx, neither the head the can 


cut 
] } } ¢ } 
nal are set pressure. 
] ] sf 


Charles Russell Bardeen. 
torn surface. Thus shown instance which the 
auricular appendage occupied position anterior main intestinal 
branch, yet the the auricular appendage did not become 
converted into head tissue. the contrary, the lost part the 
head growth new tissue thi region the 
cut 

also tried the experiment getting two lateral slips heal 
together before the embryonic tissue the exposed surface could 
specifically Cuts were made shown Fig. 33, 


> 


and the cut surfaces were made heal together shown Fig. 
33, most the instances which tried this experiment 
healing together proved incomplete the anterior end the 
worm, and from the mass embryonic tissue here exposed new 
head was very slowly one instance head developed. 


The worm died after 


under observation for about ten 
days so that I do not know 
whether not head might 

subsequently have developed. 


prevent the formation anew almost holly from the point 
conditions after cut surfaces united newly deve loping parts the 
intestines and especially 
axial gut. have now inquire little more specifically into the 
nature this Has the intestinal system specific action 
determining the nature the parts developed from the 
dent has that the intestinal system 
embryonic tissue from which the lost parts are differentiated. 

have seen the various experiments explained 
article, the first step the specific differentiation parts 
new worm from piece worm the formation 
selection axial part the old intestinal system 
situated that can utilized for this purpose once con- 
verted into axial gut. Otherwise, the axial gut formed 
fusion and anastomosis between the branches the original 


system. 
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its extremity, pharynx about 


lateral arcas on th towards the 
we assume to De due to nutritional curl 


intensity, and dan 
compare the action 


action bar magnet upon 


placed above it. the case 
currents magnetize the particl 
the far more complex phenomena 


that certain definite currents nutriti 


out into the surrounding tissu 


contact with embryonic they cau 


assume detinite form 


stored, and normal individuals 
not wish assert that currents 
various directtons exert their 


that are con 


nutritive currents play par 


ditterentiation tissue 

Before the development blood 
embrvo the nutritive currents must 
distribution, just what 


fluids may after the deve 
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macnet t ( 
from mere 
new head being formed, that 
veved into the region where produ 
the internal conditions vth the 
tribution of nutritiy fluids is doubtl on ol t n timportant 
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vessels indicated the very important 
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the major part the blood, show how essential for the normal 
development the embryo blood current given force and 
intensity. 

IV. spite numerous attempts with various colored fluids 
was unable actually see the living planarians the nutritive cur- 
rents which have assumed are set determinate manner trom 
the intestinal system. casy, however, follow the circula- 
food-stutfs within the The circulation food 
the intestines brought about part, least, the contraction 
the body musculature. 

have explained above, contraction the whole animal 
causes the intestinal contents forced into that part the 
intestine into which the pharynx enters, posterior which, when 
the pharynx lacking, new pharynx will 
called this the region least intestinal contractions 
the whole worm defecation thus produced the normal 
Contractions this kind must not only force the intestinal contents, 
but also the nutritive fluids, towards the pharyngeal region. 

most common movements the animal, however, are those 
ment the nervous system relation the musculature and the 
periphery the body, the movements the animal whole 
controlled the most anterior parts the cords the 
commissures uniting them. The movements set from such 
centre are either the nature waves contraction which begin 
the head and travel back towards the tail; they consist crawling 
movements slow extension the body beginning the head, 
the posterior part the body remaining stationary followed 
rapid contraction the whole body towards the now attached head, 
This definite rhythmic slow expansion and rapid contraction must 
serve set definite nutritive currents inthe animal. The smallest 
fragments capable regeneration have arrangement nervous 
system and musculature which give rise movements 
those just seems, therefore. fair assume that nutritive 
currents are set which have definite relation the intestinal 
system the fragment, and which are among the essential conditions 
determination the parts regenerated. Support lent this 
point view instances like that illustrated Fig. this 
instance the movements the parent worm control the 


movements the lateral slip that the latter was unable 
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the pharynx has developed head 

the arrangement the intestines and the activity 
vous system reside factors which serve determine the arra 


relations the which the new parts are 

The new surtace epithelium derived from the 
migration over the cut followed cell multiplication 
new intestinal branches are derived from the old, possibly 


form the parenchyma, musculature, and nervous system, 


considerable part wander into their new positions from 
karvokinesis that can seen would indicate thi 


reveal great mitotic activity the sexual cells sexually 


worms reveal little such activity the cell mass which 
entiated into new has put much emphasis 
pholaxis, the transposition tissucs, taking place 


cells which fresh-water planarians during neration 


form the new parenchyma, musculature, and nervous system, 


from special cells, embryonic 


These may distinguished from the ordinary parenchyma cells, 


ive rise cither the genital organs the tissucs 


cells this nature the Planaria The parenchyma 


however, revert simple cell without branching 
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INTRODUCTION. 


motion, muscular and karyokinesis have 

more than once within recent vears been regarded merely 
different forms the same fundamental phenomenon protoplasmic 
has been pointed out that all these motile 
seem have common fibrillar structural basis, and 
the conception has finally been reached that wherever the property 
contractility specially developed, specific fibrillar contractile 
tissue essentially identical with the archoplasm dividing con- 
stitutes the active agency. Different forms this contractile tissue 
are seen the astral radiations spindle fibres dividing cells, 
the tails spermatozoa, the fibrils muscular tissue, and the cilia 
and intracellular fibrils ciliated all these instances the 
motile activity depends the special property pos- 
sessed the fibrils this specific tissue, and the distinctive pecu- 
structure and arrangement contractile fibrils.! 


the first place not certain that all contractile structures have 


fibrillar basis. Colloids (solutions egg-albumen, peptone, etc.) 
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tological techni 
fixed and preparations 
and are thus led 


are similarly brought into being 


the protoplasm while the latt 


strain that must necessarily accomp 
then the basis mitotic cell-divis 
structure not essential 
thesis the necessary presence 
mon all contractile structures 
Important criticisms have 
physiological standpoint. 
observed the ettects identical 
the action the same chemical 
one form contractility will favor 
far from being the case, however, 
out Loeb his recent 
hours solutions consisting 
NaCl and Insuch solutions, 
the swimming bell 


the proportion potassium 


the contractions Gonionemus, 


Fundulus the formation 


ommentin 


stroved all power muscular 


facts, Loeb incidentally drew 


them wit 


for all forms 


1 the doctrine of the existence common 


The objection might perhaps raiscd that althou 


tixcd under a Condition Of strain and cled lo th isu 
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been several times pointed 
found that 
and CaCl, variou 
ever, the muscular 
were found completely 
potassium chlorides, 1 wl 
tructural 
the 
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experiments proof that muscular contractility Gonio- 
nemus has different chemical basis trom ciliary contractility sea- 
urchin nevertheless not shown that one and the same 
animal the two forms contractility are essentially Such 
widely different organisms may well show ditferences the proper- 
their respective contractile but any one organism 
all contractile tissues may still quite possibly show the similarity 
behavior required the has pointed out, 
that, Fundulus embryos, solutions (consisting NaCl and 
various proportions) which allow cleavage proceed normally, in- 
terfere seriously with 

exceeds certain this 
instance have proof that 
the same 
and muscular 
favored entirely different com- 
binations ions, and that 
fore 
bases must differ 
one another chemical constitu- 
tion. During the past summer 
Holl have been able 
show the experiments about 
described, that the same true 


Arenicola cristata. 

Arenicola form remarkably favorable material for 
this kind, both because the ease with which they may ob- 
tained practically unlimited quantity, and because their great 
vitality and the extreme constancy and definiteness their 
They are easily obtained from the the latter exposed 
the light for two three days dishes together with 
some Ulva for The free-swimming larva leave the strings 
swarming stage during which they show strony positive helio- 
collect the surface the water the side the dish nearest 
the source light, and there become massed together enormous 


numbers. The free-swimming positively heliotropic stage 


Ware) 
A 


actively swarming 


larva this stage has som 
(Fig. and newh 
aiready acquired ul 


extending along the ventral surta 


are two simple cyes, the form 


the surface the brain internal 


Brain and ventral nerve cord are 
intestine shows the usual thi 


yolk; the muscles are 


applied the inner surface the bod 


and out special 
scta-Sacs. 


have thus Arenicola larva 


simple structure and great 


sessing well-differentiated contract 


those feund the Their small 


the exposure relatively 
tions provides for quick and thorou 


tures, so that the rons enter into 1mm 


the structures full streneth and wit 


ions. The results are thu 
definite, and any alterations contra 
The precision the results 
same The possibility fal 
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the normal swimming 


ciliary take part, and 


the action the cilia which maintain 


purely muscular phenomenon, 


direct stimulating upo 
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tion; natural inequality tone the two 
sides the body will result when one side more strongly illumin- 
ated than the The muscles the more strongly illuminated 
side being then state greater contraction those 
the other. the result will that the larva will become bent towards 
the source illumination and will towards 
tone the two sides will result when both are equally illumin 
ated, and this condition will normally obtained when 
the larva orientated that its long axis coincides 
direction the light rays and its anterior end directed towards 
the source illumination. When orientated, the action 
cilia will carry 

deviation one side the 
other will 
counteracted 
the tone the 
side, resulting from the tem 
porarily greater illumination 
sequence 
this self-regulating mech 
perfectly definite 
heliotropic 
retained. 
effect the action the 


showing orientation with respect that the when free 
direction light ray the water, rapidly 


rate towards the source (Fig. until stopped the 
other side the dish some intervening Slight lateral 
muscular tone, cause each larva describe slightly sinuous path, 
but otherwise the heliotropic movement 
shows little individual variability. While swimming the larva 
rotate actively their long axes. 
During the swimming movements the seta are retracted 
project beyond the surface the body. seem come 
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into play whenever the are with 
their action can be best obser 
light side the dish cont bein 
the body serve push the larva alon 
play important part the the tub 
rowing and crawling movements which then 

have given this short analysis the normal 
ments the order make clear the 
muscular and ciliary movement before 
the manner which these activities (and hen 
reactions the the salt ution 
account will shortly published the normal reaction 
and the conditions that determine them. 

The saits were chlorides the metallic 
abundant sea-water, sodium, pota calcium, and 
solutions approximately with nam 
KCI, CaCl,, and ui each of tl 
was tried (1) singly, with each 
junction with the others proport 
practicable the time available. experiment 
water, and the examination under the 
made shallow watch-glasses treated 
fine r-bowl contained 100 c.« of thi solution 
solution, care was taken that a-water 
transferred the same time. There nerally 

The solutions were made disso the 
were somewhat damp, the sol were pro 
chemically exact However, 
simply to secure solutions 7 z ) \ ! 
way atfect the qualitative xper 
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together the light side the dish that portions the mass, 
consisting many thousands could removed, with very 
sea-water, and the The larva 


4 


could then set free from the transferred mass with the aid 
pipette. thus contained thousands 
intervals cach bowl was examined and the condition 
solutions the was always directly observed 
this instance the larva were freed sea-water taking advan- 
tage their heliotropism, which within fifteen seconds 
after transference the watch-glass caused them collect 
mass the light side. sea-water could then drained off 
and very completely removed means The solu- 
tion tested was then added pipette such manner 


1 


distribute the uniformly the 


had been anticipated from the results Loeb’s experiments 
pure NaCl solutions were always found highly 
injurious; was found, however, that within certain limits dilution 
this solution delayed marked manner its poisonous action 
(compare Loeb, and Miss The following solu- 


tions were tried: 


1. NaCl 
c.c. NaCl c.c. distilled water 


Addition the first instantly followed (1) sudden 
muscular contraction, which causes shortening the body about 
half its normal length, after which there gradual and 
(2) immediate and almost entire stoppage ciliary motion 
that swarming cut short and the sink once the bottom 
the ciliary movements may persist for short time, 
but the end one minute they have ceased all but 
few exceptional which may show movements for sev- 
eral minutes longer. few minutes change the appearance 
the cilia perceptible, due process disorganization, ap- 


parently the nature liquefaction, which within 
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necessarily 


tinue for 


accompanied 


one 


afterwards, 


muscular 


appearing, 


ment, wil 

pure solutions 


ind third 


Titfects of Salt-Solutions OH 
(about ten minutes) usually results the complet tion and 
their individuality and become fused, and the cover 
this stage the ciliary matter drawn out int 
filaments evidently glutinous consistency the liquetact 
progresses the product takes the form minut 
droplets which gradually away with the 
that renders intelligible the destruct effect 
site for the movements, with the result 
muscular movements the contrary 
after the addition The initial 
squirming motions and in-and-out ment 
the majority the were motionless and apparently 
few individuals showed feeble movements then and for man 
small number feeble twitches were noticed 
hours the salt-solution 
solutions ciliary and muscular forms contractility resy 
tively. Upon both the solution acts detrimental manner, but 
action much less injurious the case lar than 
movement. The latter almost instantly arrested, 
movement will, fact, for much 
longer time pure NaCl solution than pur lution any 
of the other ilts, while exactly the 1 eT is true of « rv on 
other for contractilit 
sccond the abo olutions than the first tion 
more quickly fatal than the others, owing 
being equaily The following the condition 


the larva the different solutions after intervals about one and 
two days: 
TABLE II. 


granular 


erated appearance and 


all dead. few exhibit 
muscular movements 


Larvae of somewhat the same Most are dead; maceration 


less marked; few show slight 

show slow muscular movement 
movements, N Chlilary Move 


ments 


Larvex better preserved tl 
in 2 Outline more re 


granular appearance 
marked than Slight cil 
lary movements still remain in 
perhaps a majority of larve, 
and nearly all show slow mus 
cular movements 


NaCl Maceration well 
70 ca | 


Hed water 


see from these results that the injurious effect pure-salt 
solution less marked dilute than concentrated solutions. 
Sooner later, however, all pure NaCl solutions the poisonous 
appears, which, since the natural medium 


tains NaCl amount approximately equal that solution, 


must regarded due the absence such solutions certain 


other necessary salts. 


The experiment was next tricd adding the pure 


solution small quantities each the other three salts, 


and CaCl,, with the aim determining whether not the presence 


one these the solution would render the latter less injurious. 


Condition larva 
No Solution 

NaCl. All dead and macerated 

20 dis- 

50c.c. 2 2 NaCl Most are dead; a much 

as 50 cu. dis- lar, larger proportion than in 2 

tilled water show muscular 

ments 

| 


NaCl solution, and its injurious were equally 
other solutions, however, decidedly more tavorable result 

passes off once, and the stra ten out 
swimming movements, which some individuals even shi 
ceases, however, few seconds. and the gra tt] 
the bottom result the gradual slackening 
sists all least ten minutes, while for 
(in some for nineteen hours even theref 
that ciliary movement the presence mall 
more striking result when added the solution 
distinguishable from those called forth normal 
initial muscular contraction, the other solut 
does not appear, and the show the norm 
movements; they swim actively across the 
the side next the window, and immediately 

when the watch-glass turned about through and 

for perhaps two minutes this time the movem 
show evident signs slackening, and the five minut 
cilia are noticeably less active 
Both muscular and ciliary movements contin 
and considerable number still retain ciliary activity, 


devree suthcient admit slow swimming 


ence the small amount 


has therefor 


hours the ciliary disorganization caused 


has enabled the larva retain for greatly 


power muscular 


Phe next step was to ascertain the ettect ofivary 
the two salts, the hope that more detinit 
thrown the respective parts plaved 
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under Graded series solutions two salts were 
used such experiments. such series the quantity one salt 
gradually decreases and that the other increases from one end 
the other; the extremes are therefore represented 
pure almost pure solutions one action 
each constituent can thus determined very accurately com- 
paring the effects solutions which present greater 
less There scen passing along the series 
tion effect close correspondence with the gradual change the 
relative proportions the two salts. 

The first series experiments was mixtures solutions 
and CaCl,. The following table shows the solutions em- 
ployed, together with the observed condition the larva atter inter- 


vals approximately one, two, and three days the 


studying the immediate action these solutions, 
gradation effect seen passing order from solution solu- 
The even the first member the (containing 
mere trace strikingly from that pure NaCl 
solution. The addition Solution immediately followed 
heliotropic swarming movements, which, however, solutions with 
low Ca-content, very soon cease larva within 
seconds less); and the end five minutes, while few excep- 
tional may still show slow swimming movements, the great 
majority movement has become greatly slowed and 
entirely larva are treated with solution slightly 
increased Ca-content, viz. No. the above series, very decided 
improvement active and rapid swarming 
immediately sets and continues many for three minutes 
even longer, while irregular swimming movements without orien- 
tation continue for considerable space time afterwards. 
four hours ciliary movements have mostly ceased this solution, but 
still persist few cases, while Solution after the same 
interval trace movement remains. With still further increase 
the proportion CaCl, the favorable ciliary motion 
increased, until finally optimum proportion reached, after which 
further increase becomes relatively unfavorable. The optimum 
effect seems gained when the proportions are approximately 


this solution the ciliary activity and the heliotropic swarming remain 
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After about 


In SO 


same 


Cilia perhaps more 


aiteres 


swim about. 


Most 
Many show 
movements. 
Similar 


slowly swimmi 


than 10. 
tiv 


Maceration marked 

Most larva show ci macerated 
ictivit¥; some are 
swimming. 
movements almost en 


Macerated; many 
cases larva 
come mere 
granular 

ictivity persists, 


some to 


degree 


Maceration h All are 


advanced i macerated. 
almost all 
oO shapele 


>» 
Condition of larva 
Proportion 
N oft > tits in 
a lution in solution. in solution 
active ater 
Similar toS Larvae generally Similar to S 
NaCl alive; few are only 
NaCl 70 living After hours 
few 
7 show Ity 
Muscular contractions 
less pronounced tha 
(al 30 
> 
tirely absent. 
nt NaCl 40 All are dead and 
Cat]. 60 macerated 
the still move 
feebly 
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almost normal the end five minutes; and although 
slacken course time, they may retain their activity 


The power response, however, even with the most 


favorable proportions NaCl and disappears very much 
lier; the movements, first 


become and uncoordinated, and after most ten 


have all completely lost their heliotropic 
may persist irregular hours after this, but 
sitivity the muscles light-stimulus seems have 


and the swimming movements thenceforth exhibit 


themselves, and not changes the nervous system 


cral indicated the fact that 


nated movement 


musct 


pre 


Proporti 
N oft saits in 
Nal ( nilart \ ire 
CaCl, 80 14, but iceration st macerated 
turther advanced; t 
15 t are ot ser 
sistency. iti al 
irge 
1 ‘ il t 
NaCl 10 Larvae all reduced \ ( 1 
Cal t Masses Of loose macerat 
era r detritu I 
1 
iconsiderable number 
17 CaCl, 100 16: no signs of lite 1 macerated, ; 
iry movements 
long forty-four hours. 
are used that are activity 


more rapidly the more injurious the solution used. These 


and others that will presented soon, attord strong 
the view expressed earlier this paper that heliotropic 
result the direct stimulation the muscies the light ray 
preserve ciliary movement and the power heliotropic 
almost well Solution the first-named solution (No. 
muscular activity after interval hours found som 
what better preserved than the other indicates that 
optimum solutions for muscular movement not coincide their 
proportions with the optimum for ciliary movement, but contain less 
Ca; and this was indeed found the Solution 


NaCl 7.5 CaCl, was found that after hours the very consider- 


} 


able number still living showed decidedly more muscular 
than ciliary activity; the latter indecd persisted 
small number. after the same interval time 
but ciliary movements were Solution muscular 
movements were more active than while Solution though 
muscular movements were made very considerable number 
interval eighteen hours (68 hours after addition solution) few 
feeble muscular contractions, although the great majority were dead 
macerated. very few Solution showed lon 


intervals slight contractions after period hours, but Solu 
tions and (the most favorable for cilia) traces movement 
were seen, and the were all dead and shrunken and 
macerated appearance. 

clear from these facts that the solutions most favorable 
ciliary movement are less favorable than 

with decidedly lower Ca-content; other words, each 
form contractility has its own characteristic 
The most important general result, however, that for both forms 
activity solutions containing both and certain proportions 
are much more favorable than pure NaCl solutions; the 
more striking the case ciliary movements, which are almost 
completely impossible the pure Na-solutions, while muscular 
movements may continue solutions for some time. 


shall see that muscular movements are pure 
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immediate called forth Solutions 11, 12, 


shortening the time durin hich trop 

a direct result of t] 1 \ it tt 

Solution they are almost complet 
they are entircly absent all tions, 

more quickly and becomes cvident few minutes; 
pure Ca-solutions rigidity its appeara 
correspondence with these facts find that the resy 


be comes le 


lutions, which neverthel will 
ment tor a verve considerabi pol 
After the reached further increa 
and more mat the end unt 
finally the pure CaCl, solution the injurious 
tion sin avain becomes manitest, though 
almost exactly opposite that shown pure Nat 
marked and lasts for shorter and 
time descend the series, until finally the pure Ca-solution 
its appearance only momentary, lasting for not mor than two 
three second 
large Ca-content gives rise, soon muscular has 


bution the larva. Instead sinking uniformly the bottom 
their power disappears, they become 
numerous small clumps bunches scattered irregularly over the 
bottom the watch-glass (Fig. clump consists large 
stirred and uniformly distributed means pipette, they 
are found swim actively long they remain suspended 
the water; but they soon sink random the bottom and 
become clumped together the manner phenome- 
non first becomes noticeable Solution 14, where comes rela- 
tively slowly and begins its appearance only after the have 
been three four min- 
utes solution. 
The move- 
ments solution 
almost dis- 
appear 
minutes, and the clump- 
ing then becomes 
strikingly evident. 
the succeeding solutions, 
however, the clumping 
Solution and 
Solution 
17, the majority the 


take this pecu 


distribution within 
orientation Jess than minute. 

Upon closer examin- 
ation the conditions 
upon which this curious phenomenon depends become once 
the marked difference the action such solutions muscular 
and ciliary movements former and 
completely checked, while the latter continue with almost undimin- 
ished considerable period after muscular 
has entirely ceased. Under the microscope the on-coming the 
phenomenon can seen best such 16. 


Immediately upon the addition the solution 


2 
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muscular movements, which during the few 
movements soon present and labored 
and the gradually cease their ment 
cidentally with these changes all orientation, heliotropic and 
disappears and the becomes undirected 
seconds later rigidity has become almost complet , and th larva 
carricd about passively and haphazard the ciliary 
while this state swim about like rigid ciliated 
Many them are fixed permanently bent condition and 
continuous circular paths direction the 
Being specifically slightly heavier than the solution, 


direction its ciliary action until meets with obst 
another larva, which slightly adheres, from its 
make the other muscular movements necessary for det 
continually increased the the still capable 
motion, and eventually all become collected the clumps 
formed this purely casual after the are thus 
the solution stirred with 
about uniform distribution, the random swimming 


movements. 
The time during which act persists 


high (from Solution on) becom 
less the proportion increases and least the 
above table, which shows that 


sively more unfavorable the proportion increa 


see also the remarkable power which has 


cate more forcibly ran such fart ( 1 i 
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active condition even after the remaining 
nature 
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solution most the larva, when shaken up, are capable quite 
active swimming movements; and feeble vibrations the cilia con 
tinue course for long time phenomena 
seen, will shortly described, pure solutions 
and solutions where muscular contractions are 
impossible, 
Solutions containing MgCl, and NaCl graded proportions wet 

next tested. The following table gives the composition the solu- 
tions used, together with the condition the the stated 


intervals. 


general these solutions act very similarly those the 
and seems, however, have even more 
favorable effect than ciliary action, while muscular move- 
ment its effect noticeably more 
never becomes perfectly normal these solutions, 
loes not appear; and the rigidity consequent 


loss contractility appears decidedly earlicr than the 


heliotropic swarming 


solution enables muscular contractility continue for much 
period than would possible pure NaCl solution, and 
respect the action the two ions seems Apparently 
can certain extent replace the tissues, although the pres 
ence the latter, only small amounts, indispensable for nor 
mal shall see later that solutions consisting chiefly 
and salts but with relatively small amount NaCl, 
C.C. + 


living condition for much longer period than solutions 


and without general, however, the respective 
parts played the two similar, might per 
haps have been anticipated from their close chemical relationship. 
table shows many points comparison with the and 
Solution apparently the most favorable solution for muscu- 
lar movement, contains, will noticed, much smaller proportion 
than does the solution most favorable for movement, 
which contains from parts per 100 the solution. 
The characteristic the action the two metals soon 
become movements are retained decidedly better 
these solutions than the corresponding solutions, while 
muscular movements are unfavorably affected and immediately lose 
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more 

lan in 

fair I 
show swimming 


vements. Rig 


ments slight 
Body somewhat 


cuticie 


Similar to 6 
Swimming move 
ments somewhat 
more active than 
ing Shrinkage 
and commence- 
Ine maceration 
plainer than in 6 


movement 


Cilia ac 
Maceration and 
shrinkage tut 


ther advanced. 


Disintegration 
further advanced 
itv marked; afew are dead; a very 
stiff muscular few show feeble 
ciliary move 
lary movements ments. No mus 


ular movements. 


shrunk 
en and consider 
ably macerated, 
ind cuticle dis 
tended. Most are 
dead; 
cillary activ 


No muscul: 


movements 


Apparently 
id, macerated 


shrunken 


and * macetr 
ation turthes 
larva seen with 
still very faint cil 


lary movement 


Condition larva 
Propor 
= tion of 
After hours Atter hours \tter hours After hours 
in solution In solution, In solution. nh solutiol 
NaCl 70 Maceratiorn 
furtheradvance 
movements) Vis 
muscular move 
NaCl 60 All are badly 
disintegrated. 
Natl 50 Shrinkage and 
MgCl, 50 commencing. 
maceration an® 
marked. Ciliary 
J No muscular 
NaCl Shrink are dead and 
disintegrated 
Bes No muscular 
movement 
NaCl Body much All are dead 
macerated, and 
ed Ciliary ac- 
9 No muscular 
movement. 
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solution solu 


Solution acts 
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ceases within about three 


Solution cilia remain 
tion and the followin 


hours, and the may 


similarly 


that obs 


minute 
active for 
solutions the 


wim about irre 


Satter 
uch lon 


able period, the length which varies 


solution. The most 


(as seen from the table), and the period 


ing along the series 


movement, however, 
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her direction 
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members the series, containing moderate amount (Solu 
2-6), cause strong contraction and shortening the 


body followed increased activity, vigorous bend- 


and squirmings for several minutes 


the swimming take very tortuous and irregular 
the early swimming movements are typically 
wheeling circular kind, duc apparently persistence the 
the bent condition tor several before the reversed 
contraction takes the following solutions also 
immediately observed vigorous initial contraction which results 
the above mentioned shortening the body, after which relaxation 


ana Ul 


two the solutions, but the later solutions 


appears more slowly and when preponderates (as Solu- 


tions and 13) relaxation may almost immediately followed 


muscular accordance with this found that the 


proportion increases the time during which the active bend- 


ings persist becomes less and Solution become 
movements within minutes after the 
addition the solution, and within minutes rigidity complete. 


Solution rigidity comes more quickly, Solution still 
more quickly, Solutions 11, 12, and within few and 
pure MgCl, solution appears most quickly all. 

Rigidity frequently appears when the are bent condi 
tion, the solutions, but still more frequently the solu- 
tions, apparently consequence the more marked lateral bendings 

forth, and the more rapid action arresting the musculat 
Inthe solutions the bent and rigid carricd 
about the persistently active cilia, soon become 
clumps the bottom the watch-glass, exactly the 
solutions (Fig. fact, appears any solution that 
leprives the muscles contractility without immediately interfering 
with and the effect particularly well shown the 
later members this series solutions. 

pass now the effects solutions sodium 
series experiments soon becomes evident that 
differs greatly its effects muscular and ciliary activi- 
ties. Towards the former potassium appears markedly antagonistic, 
its presence even small quantity being sufficient quickly destroy 


all power movement; while towards ciliary movement its action 


lition of thre irvee after an interval of four h 


All these solutions are, relatively those 


decidedly injurious, and the survive their acti 


bers the series very similar that pure NaCl 
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NaCl solution. These effects are seen especially Solutions 
and Solution the muscular movements are more quickly 
arrested than the three preceding solutions, but other respects 
down the series, the destruction the cilia becomes 
evident, may seen referring the table, which records 
condition the about four hours after the solutions were 
correspondence with this tound that the period dur- 
which the cilia remain capable activity becomes longer 
ble slow swimming movements after minutes the solution, 
Solution this true still greater Here slight ten- 
dency bunching first becomes evident, tendency which becomes 
successively more marked Solutions 12, and the pur 
KCI solution 13) the cilia, strange say, are less interfered 
with than any the other solutions the The 
contract violently (as all solutions the series) the first con 
tact with the solution, but the cilia preserve for the first few minutes 
almost unchecked activity, and the larva thus carried about quickly 
become bunched together the typical minutes 
afterwards the cilia are still vigorously active, though somewhat 
than first; the still rapidly bunch, however, when stirred 
the solution. The ciliary activity gradually becomes feebler, and 
after interval has largely ceased, although many 
the ventral band may remain feebly active. 

Muscular movements are quickly checked all the solutions from 
No. although slight twitches may persist for few minutes, 
especially the solutions containing litthe Solutions 11, 
and rigidity appears and Solution com- 
plete within few seconds after the initial contraction. The fact 
muscular movement, seems indicate that this ion has specifically 
action, and that the effect observed not (as 
appears even Solution which contains high proportion Na. 
This specifically injurious has been also observed the case 


vertebrate muscles Miss and others, 


Lorn, J.: Festschrift fur Fick. 101. 
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from this, rigidity almost complete within few seconds after con 
tact with the solution. solutions the end, the other hand 
(with 10 c.c. n KCl OO €.c. KC] + cx. Cat 


Spective ly), 


2.5 KC] 97.5 and pure CaCl 
the loss contractility more the second the 
solutions mentioned, muscular squirmings and movements the 


continue almost normal manner for perhaps 
and then gradually the third solution the movements are 
first almost normal, becoming only 
interval about one minute, and rigidity not complete until two 
minutes more have the pure CaCl, the muscular 
movements closer the normal, larva 
show first decided heliotropic Rigidity, however, 
appears and complete three four minutes. 
Na, the ion most necessary muscular contractility, 
absent all these solutions, the above difference effect can 
only specifically injurious influence exercised the K-ions 
the contractile elements. 

Solutions and were found give essentially the 
same results, with the characteristic differences that ciliary movement 
lasts longer than solutions just referred to, and 
muscular movements the end the serics, while lasting de- 
cidedly longer than the end, approach much less closely the 
normal than the corresponding solutions the and series. 

Mixtures and CaCl, favor ciliary activity, was 
expected, while they quickly check muscular movements (though 
less rapidly than the above solutions). The following table gives 


the record series experiments with mixtures these salts. 


The immediate effects these solutions may described. 
solutions all favor ciliary activity, while they 
fere with muscular movement, that the bunching clumping 
phenomena are particularly striking. interesting gradation 
effect observable passing from one end the series the other. 
When the are placed Solution they exhibit for the first few 
seconds almost normal activity, and swim towards the light the 
usual Heliotropism soon disappears, however, 
contractility becomes affected; and rigidity almost complete within 
about two activity, the other hand, apparently 
first and remains almost intense ever, with the 
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result that clumping appears interval 
most the cilia have ceased move, and the have become 
disorganized Slight muscular contractions persist, 
however, Solution the immediate effects 
are very similar, but the initial heliotropic movements are perhaps 
less the solution less quickly fatal (see Table 
Solution find much less marked tendency heliotropism 
the proportion has become too high, and the muscular co- 
ordination requisite heliotropic oricntation longer possible. 
all events, from here the end the series indications 
tropism are completely wanting. The relatively untavorable action 
the fact that such movements continue for 
period the solutions containing much feeble twitches 
which the solutions with much may continue several hours 
(see Table are quickly arrested Solutions and and 
the more quickly the smaller the proportion 
Solutions and important note, are progressively less 
fatal, the most favorable proportions being those 
although Solution scarcely less will noticed that 


preponderates over these solutions just does sea- 


water; and will seen later that the most favorable solutions 


the three chlorides, NaCl, and MgCl, likewise exhibit large 
preponderance certainly remarkable fact that some 
vital activities persist for nearly hours solution containing 
sodium, but merely magnesium and calcium chlorides certain 
fact, when considered with the quickly fatal effect 
pure solution either these salts, affords further illustration 
how necessary for normal activity that several different kinds 
ions present the tissues definite proportions. The 
one ion fatal only far excludes the presence the 
other ions necessary for normal activity. When these are 


the injurious disappears. 


NaCl solution rapidly destructive ciliary activity, 
causing physical consistency and liquefaction the ciliary 
muscular contractility the injurious action the NaCl 
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favors movement 

Identical solutions have ditterent 
cular activities Ciliry movement 
siderable periods solutions that quickly 

Solutions that contain 
hand, may for 

that have lost all power 


The effects solu 


following the transferen 
described the concludin 


th ca aiiut 
| » te 
1} \ 
oft nt { ‘ ! 
vr | ' ‘ 
‘ | ‘ 
nt on ‘ 
m rt 
orientation, 
LIONS mtaming thre CHIOTIUCS, al 
pap 


7 
: 
| 
Be 
| 


THE EFFECT IONS THE 


ANNE 


INTRODUCTION 


number recent articles concerning the rhythmical act 
striped muscles, Loeb! has reached the following 


affecting rhythmical contractions may divided into 
classes: (a) ions which produce rhythmical contractions; these 
the most efficacious Na; ions which retard 


that say, those which accelerate the action without 
selves producing rhythmical contractions directly, and 


its antagonistic contractions are continue for any 
solution the same concentration sea-water, contract 


the solution, the contractions are less frequent and much 
The addition lessens the potsonous 
same point may illustrated the such solutions 
young They die less than forty-cight hours 
NaCl solution, but live cight days 

lons promote rhythmical contractions only because 
the physical condition the colloidal substances, 
rapidity chemical processes. 

has recently shown that these 


J.: Festschrift 
Archiv fur die gesammte Physiologic, 229. 


2 Moore, ANNE: This journal, tgoo. iv p. 386. 
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from his work Gonionemus and skeletal muscles, are true for the 
ventricular muscle the Loeb asked 
find out they were also applicable the lymph hearts the 
frog. 


METHOD. 


There are four lymph hearts the frog, two situated anteriorly, 
under the scapulae, level with the third cervical vertebra; two 
posteriorly, one each side the urostyle. These were removed 
with little the surrounding tissue possible, the 
solutions. facilitate observation under the dissecting microscope 
small dishes were used holding about c.c. the solution the effect 
which was tested. They were cleaned with potassium 
bichromate cleaning mixture, washed thoroughly water 
and rinsed distilled water. Later larger dishes were used, admit- 
ting greater amount the fluid and air space. The results 
obtained were not found differ from those obtained with the 
smaller dishes. 

The only difficulty encountered was that caused the presence 
parasites, which were especially numerous during the past sum- 
mer. They often imbedded themselves the tissue about the 
hearts, and their movements might easily have been 
the heart-beats. But even when the hearts themselves were not 
infested, the tissue was weakened the parasites that was 
not the best condition for experimental work, and the hearts often 
failed respond favorable solutions. The results from these frogs 
could not depended upon; the lymph hearts from such animals 
are therefore included the tables the per cent not beating. 


ACTION 


took place the hearts beat feebly and irregularly for minute 
two. Occasionally sustained beating might last eight ten minutes, 
but this might happen the open air, could not ascribed 
the presence the non-conductor, but was probably due the small 
amount serum lymph remaining the tissues. Sugar, distilled 
water, urea, and glycerine were used. Their action may seen 


from the following table: 


| 
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TABLE 


Maximum duration 


rhythmical contractions. 


Glycerine ! 


Approximately isosmotic with NaCl 


ACTION 


The effect electrolytes was very different and very marked 
There could doubt their power initiate and maintain 
rhythmical contractions, although the behavior individual hearts 
showed considerable variation. the most favorable cases, strong 
beats continued with the regularity the thoracic heart (60 per min 
ute) for hours.~ The beating stopped suddenly, gradually 
became slower and weaker. other cases, strong contractions 
alternated with weak ones recurred intervals after period 
rest lasting from few minutes many the latter case 
was often possible excite contractions stimulating with glass 
instead beating whole the heart beat 


sections, suggesting the fibrillar twitching noted Loeb skeletal 
muscles and Greene the turtle’s ventricle. 
pure solution and combination with CaCl,. was 


with the blood was far the most efficacious 


used. solutions and contractions lasted not longer than 
fifteen minutes, while they usually lasted for several hours. 


was found that renewal the fluid would sometimes cause heart 
which had stopped beating begin beat again; which 
suggests the effect obtained stimulating with noted 
above. Lingle has made observation 
ventricle. finds that contractions often become much stronger 
when the solution renewed, and that the stimulus adding 
weight often excites contractions which are slow beginning 

few cases the hearts continued beat NaCl cight and 


one-half This was, however, somewhat uncommon 


Number Per cent not 
minute 
| 
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probably due unusual amount some antagonistic ion the 
That this conclusion justifiable may from the effect 
mixture CaCl, and NaCl upon heart which has ceased 
beat pure solution soon too many Na-ions enter 
the tissue beating inhibited; neither renewing the solution nor 
mechanical stimulation will then cause renewal the beats; they 
will instantly resumed however the specimen immersed 
mixture CaCl, and alternating the solutions beating may 
made continue indefinitely Occasionally healthy 
heart does not beat pure NaCl this case will 
once beat mixture NaCl and Owing the ease with 
which the tissue penetrated, the amount calcium required the 
solution very small, but course the smaller the amount used, 
the longer the heart will responding its 
fact that heart exhausted pure NaCl may revived marks 
very strongly the ditference between the action electrolytes and 
non-conductors. heart which had ceased beat solution 
the solution, placing solution another non-conductor, 
mechanical however, the change was made 
NaCl mixture NaCl and CaCl, beating was once 
resumed. TABLE 


Temperature 20°C 


Duration rhythmical 
contractions. Number 


of hearts 


Maximum 


alternated with 


that the heart was left night still beating. 


little calcium required prolong the duration con- 
tractions, the addition not necessary counteract 
effects, and indeed has been found one 
case heart placed 100 NaCl CaCl, beat two 
and one-half hours, while the control placed the above solution 


KCI beat only one hour. 


» 
” 
4 
er cent 
Solution. not 
used beating 
Average 
Gi | | 
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The experiments upon which the foregoing statements 
were performed during the the 
averaged 29° and often reached the middle 
the autumn some the experiments were repeated and cert 
tions hearts were sometimes slower responding 
solutions, and contractions continued for tit 
these were due the mperat 
placing the two anterior hearts frog the same 


NaCl, one heart being kept temperature and 


temperature six hours the first had ceased beat 


average time 10° was about twenty-four hours, but 
heart was beating the end sixty-seven hours 

NaCl combination with SO, compounds. addition 
acted another and probably more way, 
Among the compounds used were 


The first four are distinctly ten 
c.c. solution approximately with NaCl added 
100 c.c. NaCl, contractions will maintained for 
time. 


29° 
Duration 
contracts Nut | t 
Maximum. 
100 c.c. NaCl Na SO, hours 
100 c.c. NaCl toc. CaSO) hou ‘ 
100 c.c. 1 2 NaCl Scc. Megs), } 6 hour 
lOce. NaCl CaSO, hour a ( 
1 Saturated solution 


Anne 


temperature 20° C., was found that the following solu- 
tions, 
100 c.c. Nal 


100 c.c. bz NaCl 5 c.c. 2 (NH 


the maximum length life was about forty hours. 

One may think that the power Na,SO, neutralize the ill 
eftects due the precipitation calcium from the tissues. 
Certain facts, however, are not with 
The addition CaSO, NaCl almost efficacious the 


addition sustaining the contractions the lymph- 


hearts. heart that has been exhausted NaCl will resume 
beating placed solution composed 100 c.c. NaCl 
the same effect seems produced taking 
away that produced adding heart that has been 
exhausted NaCl and then exhausted 100 NaCl+ 
revived after precipitating without replacing possible 
that the ions may have slightly harmful effects which the SO, ions 
are able neutralize, but, has been shown that, regards 
rhythmical contraction, the cation more powerful than the anion, 
ismore probable that the SO, antagonizes power neutra- 
lize the poisonous may specific effect the tons 
and or, Hardy suggests, may merely function 
their bivalency. the latter case, any bivalent ion should have the 
same power. Certain experiments were made test this point, but 
they were not conclusive. The anterior hearts from one frog were 


placed, the one NaCl, the other one the following solu- 


tions: (temperature 20° 


100 c.c. NaCl 4-10 c.c. 
100 c.c. bz NaCl + 4-10 ¢.c. CaSO, (sat. sol.) 

100 c.c. NaCl c.c. Nas 02 
100 c.c. 1 ” 10 n (al l, 


by BaCl 


The heart the sodium chloride solution might might not beat 
longer than the the rather remarkable case where 


NaCl, hearts which 


the heart continued beat sixty-seven hours 


i 
i 
- 
‘ 
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had been exhausted NaCl were revived were made 


more vigorously placing them one the abo olution 
electrolyte containing the bivalent ion were sufficient neutral 
molecular with NaCl they were approximately isosmotic 
proportion speaks favor the view advocated Hardy! 
energy the action clectrolytes upon colloids 
] 


chloride sodium, experiments were performed 
bromide, iodide, the Br, and ions are 
harmful than the ion, beating stops sooner these solution 
the chloride. 


were used, both alone and with varving proportions CaCl, 


first four these, cither contractions occurred, 


few LiCl, however, the duration was longer, and 


used with this salt contr. 


(temperature 
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of the 
thy 
dit if? 
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More 
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SUMMARY. 


The rhythmical contractions the lymph hearts the frog 
depend upon the presence electrolytes balanced proportion 

contractions will not take place solutions non-conductors 
after the salts contained the serum have been washed 

contractions take place pure NaCl solution, but continue 
longer definite proportion CaCl, some SO, compound 


added the solution 


heart which has been exhausted NaCl may revived, 


may made beat more vigorously, small amount the salt 


bivalent ion added the solution. 
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THE EFFECT MUSCULAR 


teaching gymnastics, now such importance 


tion, can hardly said rest upon basis 


obviously one the first problems considered, has not 


determined with sufficient precision. the ettect 


cise the blood-pressure should begin with the 
the forms exercise common use 
observations should repeated-upon individual 


cient excludé personal individual shi 


observed often enough make sure that record obt 


Above all, the measurement arterial pressure should 


ing the exercise, the maximal pressure not maintained 
n 


than few seconds. For this reason, methods 


adjustment manipulation apparatus during the observation 
unsuited this Measurements after the 
not show the blood-pressure during the 
none the investigations hitherto made this satisfies 


indispensable conditions. 


defined types muscular exercise. 

are those which the individual movem 
follow each other with great individual ettort 


sarily far less than the possible 


muscles speed may divided into the 
local character, for playing, and 
nature, 

moderate endeavor. They also may local, 


trade, where the muscles the arm and shoulder 
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long-distance swimming, which require the relatively moderate con- 
traction large groups muscles during long periods. 

Exercises strength, demand great muscular exertion 
for very brief period. these the glottis closed full inspira- 
tion and the chest fixed, order give suitable support 
the muscles the trunk. Good examples such exercises are 
wrestling and the lifting heavy weights. 

Previous writers have shown that not too vigorous general exercise, 
mixture several kinds exercise, will raise the blood-pres- 
sure. Knowledge the changes blood-pressure and other 
tions during each the different kinds exercise now required. 
The present investigation deals with the alterations blood-pressure 
during exercises strength effort.” 

was thought better select one defined, 
typical exercise strength, rather than attempt the study the 
blood-pressure ina varicty of movements. The exercise selected was 
combination the back and leg lift used the physical examina- 
tion most college students. The subject stood with bent 
With the left hand grasped the middle the dynamometer handle, 
cither end which rested the front the thigh. the word, 
extended his legs and straightened his back, with all his 
From three five lifts were necessary determine the highest 
blood-pressure. 

was measured with the sphygmomanometer. 
The instrument employed this research was modification that 
used Hill and rests principle upon the fact that 
the pulse may obliterated any artery not possessing too free 
anastomoses subjecting the artery external pressure equal 
the blood-pressure the artery the point compression added 
that necessary compress the tissue surrounding the artery 

arm tube thin, flaccid rubber, cm. wide, and 
inside diameter, was made from the inner tube the tire racing 
The interior the tube communicated means bicycle 
valve stem with pressure bottle suspended from hook metres 
above the The arm tube was covered inelastic casing 
leather cm. long and shoe hooks 
were fastened the leather, that the band could brought closely 
round the smallest arm and laced into position shoe 
The arm tube was applied closely and evenly the arm, with the 


upper border touching the beginning the deltoid 


= 


remained position without being bound tightly 


with the venous The tube leading 


was Clamped near its connection with the arm tut 


pulse the arteries distal the 


made was 200 water. The clamp was 


and the bottle lowered until the radial pulse, whi 


when the pressure was made, was perceived 
tion, the pulse returned somewhat higher 
times. The number heart-beats which 


the muscular before the 


The pressure few seconds after 


lift because the subject could not longer 


and the amount work accomplished 
arterial 
bottle record new pressure level. 


artery force must compress 


This made necessary 


the artery. the case the radial artery Von 


changes the relation the radial artery 
caused accidental movements the hand 


determining when the artery actually 


He. Some these errors may fairl 


instrument applied the upper arm 
relation the artery surrounding parts 
would then seem fair limit the errors 
artery, the compression the surrounding 


would make total 


this added the pressure lost 


the arm, but the friction here 


purposes the tube inextensible, and the 


1) 1 


around the upper arm the only material 
that when the tube placed around the 


removed, 
just 
first part of cNpira 
than it «ot 
> low thy, 
the empty artery 
bone and 
\ i) ‘i 
Lil 
ii J ‘i 
t periment on 


tical with those taken simultaneously from the femoral artery con- 
nected directly with mercury manometer. may belicve, then, 
that the readings taken the present investigation are the most 
not more than mm. greater than the absolute blood-pressure, 
and are probably much nearer. 

seventy-seven experiments twenty-three during, and 
two three minutes after the maximum pulse rate was 
recorded before and after the lift. The average all the measure- 


standin 
Blood-pressure mm. mercury before 110 
Blood-pressure mm. mercury during 180 


Blood-pressure mm. mercury two three 


appears that the blood-pressure undergoes sudden 
increase during the lift, and that falls very rapidly normal 
soon the muscular effort This rise blood-pressure not 
accompanied any great change the pulse 
examinations nine individuals during the seconds the lift 
and the fifteen seconds immediately following, 


average increase five beats per minute, seven showed decrease 
four beats and three continued the same rate. The pulse rate 


these cases returned normal one minute after the lift. 

The rapid return blood-pressure and pulse rate normal after 
the maximum exercise strength marked contrast the slow 
return observed after exercises Hill! gives the pulse rate 
individual sitting 64, the arterial pressure mm. 


100, and the blood-pressure 120-130 mm. He. Ten minutes 


after running rapidly 400 yards, the pulse this individual rose 


later the pulse was still and the blood-pressure 110-115 mm. 
After rest one hour and twenty minutes the pressure 
slightly below normal mm. Hg); the pulse, however, still con- 
tinued sixteen beats above normal. The present study shows that 
lifting both blood-pressure and pulse rate return the normal level 
within three minutes after the difference between exercises 
effort and exercises speed importance. maxi- 
sudden strain, while exercises speed rule encourage functional 
activity without immoderate increase 
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Changes intra-pulmonic and intra-abdominal pressure. 
somewhat probable that the sudden great rise blood-pressure 
maximum muscular effort due large part increase the 
intra-pulmonic and intra-abdominal 

determine this question experiments were made the rise 
blood-pressure produced efforts with 
there was seen increase blood-pressure somewhat 
than that observed during the lift the 
(Table 

TABLE 


millimetres mercury ring forced expiratory movements 


with close 


there marked blood-pressure during forced 
expiratory movements with closed glottis. The question now arises, 
relation does this rise blood-pressure bear increased intra- 
sure was determined approximately ascertaining how high 
column mercury the subject could support expiratory effort 
continued for five seconds, the time average lift. The fol- 
lowing figures, 62, 60, 58, 60, 60, 58, 64, show that the 
crease intra-pulmonic typical case was 60.3 mm. 

The intra-abdominal pressure during forced expiration with closed 
was also stomach tube was introduced 
into the stomach and connected with mercury manometer level 
with the stomach. litre water was placed the otherwise 
empty stomach, and the connecting tubes all filled with water con- 
taining air subject then made vigorous expiratory 
effort with the glottis closed, and the pressure which could main- 
tained during the average period maximum lift was recorded. 
The following observations, 84, 58, 102, 108, 50, 120, one individual 
show average increase intra-abdominal pressure mm. 


has already been mentioned that the average increase intra- 


are 

| 

Individual. During. 

Increase 

sa 20) 105 

Cath 


pulmonic pressure during expiratory was 60.3 
probable, therefore, that the increase blood-pressure 


} 
ue mM iarge Measure to Nnoitra 


with closed ttis is ( 


abdominal pressure one individual while given the fol 
lowing figures, 70, 70, 64, 92, average, 77.6 

average increase pressure within the abdomen during (77.6 
mm. should compared with the average blood 


pressure during lifting the same individual (53.8 mm. 
average observations will appear that the increa 
intra-abdominal pressure during lifting greater than 


the increase 


CONCLUSIONS, 


true record the changes blood-pressure consequence 
maximum muscular obtained only when the 
too rapidly make later observations trustworthy. 

The blood-pressure during ett 
(maximum lift) rises suddenly great 
the heart beat very slightly changed. the conclusion the 
etfort, which can maintained but few seconds, the 
blood-pressure and the frequency the 
return normal. There this respect important 
between exercises and exercises speed 

Maximum exercises strength the intra-pulmonic and 
intra-abdominal pressure much more inerea 
sure due largely this rise pressure the abdom 


debted for much assistat Dr. Mr. 
and Mr. Skarstrom: and also greatly obliged the twenty-three 
gave their services as subjects of observation. 


TELLURIUM COMPOUNDS, WITH SPECIAL STUDY 
THEIR INFLUENCE NUTRITION! 


Chemistry Columbia University, the 
and Surgeons, New 


CONTENTS 

experiment. With sodium tellurite and tellurium tartrate 

Experiments dog with gastric fistula 137 

and distribution after subcutaneous injection 14] 


two years ago Professor Victor Lenher was engaged 
this University with extended studies the properties 
tellurium and its The ill effects which Professor Lenher 
experienced from involuntary inhalations volatile products formed 
preparing tellurium impressed him with the desirability 
systematic study its physiological effects. generously 
furnish Dr. Gies with pure tellurium preparations for such 
investigation. wish thank Professor Lenher for the suggestion 


preliminary account some the experiments referred this 
was given in abstract in the Proc eedings of the American Physiologic al Socie ty 
This journal, iii, xx. 

See Journal the American Chemical Society, xxi, 347: xxii, 


25, 136. 


Ty 
~ 


which led these experiments, and for the costly material without 
which they would not have been possible. are 
indebted for valuable facts communicated Professor Lenher from 


his large chemical experience. 


INFLUENCE 


tion sodium tellurate, special study has ever been made 
the influence compounds tellurium pro 
cesses in the body.* Neusser (6) was the first to note that potassium 
tellurate induces about fifty clinical experiments, 
consumptives, observed that the night-sweats were very 
perceptibly reduced after administrations 
daily doses investigators, principal 
Pohorecki (7), Combemale and Dubiquet (8) and Czapek and Weil 
10) confirmed this observation the physiological action telh 
rates, and Combemale even expressed the conviction that sodium 
tellurate one the very best antisudoritic agents. Consequently 
both potassium and sodium tellurates have been employed for the 
purpose arresting sweating, particularly sweats 


Further, tellurium repeatedly found, quan- 


The numerals parentheses correspond with those preceding the references 
chronological arrangement the end this paper. 
Tellurium was discovered 1782 Muller von identified 


and named the earth) Klaproth The metal 
markedly structure, and possesses strong lustre Its atom 
weight still uncertain, but closely approximates (See note, page 148.) 


very nearly related chemically sulphur and selenium. Its 


qualities have offered difficulties from the time its that first 


rarer elements and occurs nature mostly telluride combination with 
muth, lead, following formule show the cor 
position and relationships the tellurium compounds referred 
Telluric oxide, Hydrogen tellur 
Tellurous acid, tartrate, 
Telluric acid, Methyl tellur CH 
Sodium tellurite, Nay Ethyl telluride (C11). Te 
CERNA: Notes the newer remedies, 1895, pp. 164 and See 
also, New York medical 1891, liii, 370, camphor cid and tellurate 


sodium anidrotics, referring the recommendations province médi 


106 L.D. Mead and 


tity, commercial bismuth and their medicinal use 
implies frequent incidental action this tellurium 
view these facts, have attempted first all our 
ments determine the influence small non-toxic quantities 
tellurium metabolism, measured especially fluctuations 


the excretion nitrogen. 
CONDUCT THE 


Animals and were performed 
full-grown dogs weighing from kilos. The general methods 
were those outlined the report some previous investigations 
made Dr. Gies under Professor Chittenden’s 
animals were confined suitable cage, well adapted for the col- 
lection and separation fluid and solid excreta. The cage was 
open the top permit free circulation air, and was 
kept comfortable room with constant temperature. 

Character Diet. animals received regularly 
mixed hashed lean meat, cracker dust, lard, water. 
Former proved this acceptable, digestible 
The hash was preserved with results which were sat- 
isfactory throughout all the experiments. Commercial cracker dust, 
containing only 1.51 per cent nitrogen, afforded the carbohydrate 
element the This was kept entirely dry large quantity 
well stoppered lard employed was fresh. 
Ordinary river water was used. Neither lard nor water contained 
appreciable quantities nitrogen. 

The daily mixed diet was given regularly two equal portions, 
the nine and the evening six o’clock. The water 
was stirred with the other ingredients, until the whole mixture had the 
consistency very thick mixture, while not very appe- 
tizing appearance, possessed agreeable odor and was always 


lapped eagerly all the animals the normal periods. The food 


have however, come into general employment, because 
obnoxious odor imparted the breath after their administration. See page 130 

See EKIN and BROWNEN: American journal pharmacy, 1876, 133 


Druggists’ circular and chemical gazette, 256 


was presented common glass crystallization dish, 


+ 


especially suited for the licking last trace 


Dosage, Weighing, daily tellurium were 
divided equally. Each half was enclosed capsule made 
small portion the weighed was always quickly swal- 


lowed, anticipation the rest the meal, which follow 
immediately, that the tellurium entered the stomach almost simul 
with the main portion the food. 

the records the experiments cach period 
hours ended the morning, when the first 
the new day was given. The animal was weig 


hour. The daily analytic data are for the twenty-four hours end 


ing The figures representing weight are 


the weight the each experimental day. 

Collection was found the experiments already 
alluded to! that diurnal variations the urine were 
quently, these experiments, which the periods were 
seven ten duration, was unnecessary any urine 
with catheter. collected the urine was naturally 
and thus avoided the disturbances which may arise 
terization. the end each day the interior the cage was 
thoroughly sprayed, and rubbed with 
the physical qualities the combined hours’ urine had been 


laily volume 


noted, the cage washings were used making the 
was added order prevent bacterial was 
times particularly desirable, for not all the analyses could begun 
the day collection.* 

special indigestible substance was introduced with the food 
mark off the the solid excreta the 


dog quite regular under normal conditions, and also 


librium maintained, seemed best refer the excrementitious 
matter from the intestines the period their collection. 
this course permits error, only unimportant influences char- 


acter and elimination would hidden under these conditions. The 


CHITTENDEN and This journal, 1898. 
Some this urine remained the laboratory for almost two years, without 


undergoing any change nitrogen content. very thin scum formed during that 


time and the urine became little darker color. 


inaccuracies deduction resulting from this procedure certainly 
could not have been material our work, since the figures for the 
nitrogen the faces whole periods, given farther on, 
are essentially the same for each period The 
were thoroughly desiccated over the water bath weighed dish 
immediately after collection, then weighed, thoroughly ground, pre- 
served dry, well-stoppered bottles, and analyzed convenient 
intervals. 

appreciable quantity hair falls from most dogs during such 
experiment. This was collected daily, combined cach period, 
and the nitrogen content will observed, 
tables giving analytic data, that the nitrogen thrown off this way 
considerable that must taken into account equilibrium 
experiments. From long-haired dogs the loss hair especially 
marked. The nitrogen eliminated this way not the same for 
each period, our results will 

Analytic methods. Nitrogen the food and excreta was deter- 
mined the Kjeldahl process, all except the last experiment. 
Oxidation was accomplished with sulphuric acid aided copper 
the urine the last experiment nitrogen 
mated the hypobromite method with 
Urea was calculated from the nitrogen thus obtained 
gm. urea). Total sulphur and phosphorus were deter- 
mined the usual fusion phosphoric acid 
modification total and combined sulphuric 
acid gravimetrically customary methods, the former with Salkow- 
precaution,’ the latter process;* uric acid 
well-known silver fat matter) 
the feeces extraction with anhydrous ether the Soxhlet apparatus 
the usual manner. The total solids the urine were calculated 
from the volume and the specific gravity 
with the aid was estimated quali- 

See tables giving quantitative elimination composition, etc., under 

See also, pp. and 33. 

Archiv fur die gesammte Physiologie, Ixiv, 232. 


and VOGEL: Analyse des Harns, zehnte Autlage, 1898, 731 


if 
MARSHALL: Zeitschrift fur physiologische Chemie, 1887, xi, 179. 
5 
4 


was ascertained with the ordinary reaction litmus 
was taken. When the urine was amphoteric, the stronger reaction 
was recorded. The quantities of which analy ses were mad vere 
those customarily employed 

was determined quantitatively the following manner: 
Solid excreta, after fine division mortar, and also concentrated 
urine, were treated with strong potassium 
chlorate over the water bath until 


almost perfectly After that had been the 


fluid was kept the bath until was entirely freed chlorine 
clear acid was next saturated, while warm, 


dioxide gas and allowed stand for hours. The 
metallic tellurium which had separated this process was then fil 
tered weighed paper, washed with dilute acid, dried 


constant weight, and determined 


The animal used this experiment was long-haired bitch 


ing approximately preliminary six days sutticed 
bring her into nitrogenous equilibrium. The daily dict throughout 
the experiment was 250 gms. prepared meat gms. N), 
gms. cracker dust (0.755 gm. N), gms. lard, and 700 
water, containing total 9.854 The experiment 
continued twenty-four days, and was divided into three periods: 


fore period seven days during which normal conditions prevailed 


longer period ten days during which doses tellurous oxide, 
averaging nearly 0.1 gm., were given twice daily; and after period, 
equal length the first, during which was admini 

tered. During the tellurous oxide period ten days total 1.6 
gm. the oxide was retained after ingestion, per day. 
The smallest dose was 0.05 gm. half the food for the day, the 


largest was 0.5 gm. the same quantity food.” 


NEUBAUER und Analyse des Harns, zehnte 

This method, Professor assures us, gives accurate quantitative results. 
The methods employed HANSEN, KLETZINSKY and were much 
the Wiener medicinische Wochenschrift, 1858, vill, 

The daily dose tellurate, therapeutic use, recommended Net ER, 


and COMBEMALE and DUBIQUET, from 0.01 0.06 


the first day two doses 0.25 gm. were given. few min- 


utes after the first dose was administered, the characteristic 


odor became quite noticeable the expired air and increased 


steadily during the rest the the following morning the odor 


the room was intensity. special change except 


languor sleepiness had been noticed the animal itself 


this point. The dose the morning meal (second was raised 


this was clearly mistake, for, although the food with 


its contained tellurium oxide was eaten eagerly and quickly, the 


whole meal was vomited less than ten minutes The 


vomit was collected The evening portion food con- 


tained only 0.25 gm. The dog ate very slowly, but before swallow- 


ing all it, vomited violently what had just been eaten. This 


vomited material was also gathered quantitatively and 


collected the morning. The uneaten portion the evening meal 


was mixed with the vomit the day, and the whole thoroughly desic- 


cated the water bath for determination its nitrogen content, 


which was found practically equivalent that the 


The dog throughout the second 


lurium, although some was held solution. Bile pigment, albumin, 


and sugar were also absent. 


this stage the experiment was obvious that the animal had 


been thrown completely out physiological 


quickest way restore the equilibrium seemed feed the dog 


extra amount food the previous meal. 


few preliminary experiments two other dogs about the same size 
was found that 0.75 1.0 gm. the oxide administered the same manner 
causec vomiting, but that 0.5 gm. did not. had hoped, therefore, that this 


dose would safely ingested, least once, that should able deter- 


mine very definitely what metabolic influence tellurium might exert under condi- 


tions approximately and yet not toxic enough vitiate the experiment. 


seen that this was practically accomplished, the case 


ticular dog. 


contained 10335 gm. nitrogen. The food contained 9.854 gm. The 


gm.) was doubtless due the nitrogen the mucus, etc., thrown 


from the stomach. 
Somewhat darker than No. Vogel’s well known scale urine tints. See 
Tyson: guide the practical examination urine, 1896, ed., frontispiece. 


The dosage period was lengthened ten days account this occurrence. 
See CHITTENDEN and page for account similar experiences, 


with favorable outcome 


Lellurium Compou 


This amount was 
the gratifving results 
dog's appetl 
food the third day contained 

remaining seven days the 

high was deemed expedient 

the animal was again nauseated, althoug 

For the rest the period the daily 

special dog was very stu 

days the dosage period, 

the fifth day was more lively 

period was entirely the 

the oxide the usual quantity food 

hour. 

The color the urine throughout the 
considerably darker than normal, but this ditterence 
eptible after the day the Only 
could the odor telluride detected. 
samples each period. Bile pigment, sug: 
and abnormal sedimentary material were 
quantity could detected the urine 
The were not greatly they 
more bulky, contained more mucus, and were 
brown, the fore period, and late the after period 
the odor telluride the fresh faeces was 
usually was lost that the normal fecal 


The alliaceous odor the dog’s breath was most marked 
middle the experiment, when began diminish, although, 
long the animal remained for almost 
weeks after the last was very 
gave off distinctly the odor the methyl compound, yet 
unable separate any tellurium from it. 

The accompanying tables, pp. and 113, give the 


analytical results and other data the 


The first three metabolism experiments were performed 


had been invited assist this research, and during the when 
labor connected with the equipment the Department Physiologi 


try and its organization for regular work 


rad dav, th 
1} nt \ 
tin 
1) 0% +] 
val KROEpPt a 
Tourt i\ 
t ts ck of 
ti i 
i\¢ 
and 
ment 
thin 
( peri i 
] nal 
if 
Now ana then 
Was pre 
proteid 
rium 
the 
re omewhat 
instead 
(dccasionally 
nized, though 
the 
ul 
cal ( emis 


. 


Mead and 


\ 


IVY 


SOU 


O96'S 


snaoyd 


‘u 
poe 


ys 


| 


va _ 
on 
t 
ai > 
dy 
v 
= 
D = 
= '> = | 
on 
of . A) ome A} 
~ = S = ° 
“ ° A) pa e 
= 
~ 
ig =< - =- - | “a 


~ + 
113 
ae i~ i~ 
| 
= as + 
- 
. . . . . > = = = 
> = 
= = = = ai ‘7 ‘~ ro + 
=< =< < =~ < < =< < < 
} s 
ont oan ome pal one ont 
~ ~ ~ ~ ~ ~ ~ ~ 
Vi~ 


The tables show glance that during this experiment tellurium 
had material influence the weight the animal, that the 
volume and reaction and specific gravity the urine were not particu- 
larly altered, that the quantities phosphorus, sulphur and uric acid 
excreted were uniformly the same, and that the nitrogen elimination 
was but little affected. The following summary gives the quantitative 
and the percentage distribution nitrogen for each 


Tellurous oxide 
Grams. 


Fore period. 
Grams. 


After period. 


Total nitrogen. 
Grams. 


Nitrogen of food 68.978 98.059 | 
Nitrogen urine 5.359 


Nitrogen hair 


Nitrogen balance 


Ratio nitrogen ingested. Per cent Per cent. 


Nitrogen urine 96.6 
Nitrogen faces 3.4 


Nitrogen hair 1.5 


Nitrogen balance 


(Juantity remaining after subtraction the nitrogen the vomit. See footnote, 110. 


possible make daily detailed analyses each hours’ urine, and Dr. 
had content, some cases, with results obtained from the urine several 
days combined. ‘The totals and daily averages were, course, wise affected 
this. Thus, throughout the three periods the first experiment, the data for 
phosphorus, sulphur, and uric acid are for urine passed during several days. The 
figures are recorded the last day each separate combination. The dry weight 
the faces recorded the days elimination. The 0.75 gm. tellurous 
oxide given Dec. not included the total for the period (1.6 gm.), because 
practically all was ejected the vomit. See pages and 111 for references 
the latter and the variations quantity food Dec. and average 
daily weight hair shed was 1.24 gm. the fore period (0.150 gm. N), 0.99 gm. 
the tellurous oxide period (0.123 gm. and 1.35 gm. the after period 
(0.169 gm. N). 


63.194 | 
3.291 67.669 
f 
Per cent 
91.6 
| 
| 
2 


These results show that spite the relatively large doses 
lurous oxide (quantities greater than therapeutic doses for man), given 
repeatedly during period ten days, the animal remained 
mately nutritive They also show that the 
ingestion food equal that vomited, restore 
the balance that had been disturbed the second day the oxide 
period. should, course, remembered, the 
effect quantity this connection, that tellurous oxide com 
paratively insoluble substance water acid 
soluble dilute alkaline fluids; also that its reduction the metal 
state quickly follows ingestion and that its absorption therefor 
comparatively slow and very incomplete. The odor tell 
ride the breath proved that some tellurium had been absorbed, 
but much the tellurium was eliminated the 
form, fact which will referred again. 

The slightly increased nitrogen during the secon 
period cannot attributed solely the tellurium, 
because the lack food the second day, and the exc 
known that unusual amounts ingested proteid stimulate 
catabolism and cause immediate increase the output urea; 
that when food eaten proteid catabolism, although diminished, 
still continues. this experiment could not well avoid com 
bination both circumstances. The animal had been bri 
nitrogenous the second day the tellurium period, 
however, when food proteid catabolism continued 


the expense the body the third day much this lost 


proteid was made from that ingested, but undoubtedly 
proportion the nitrogen the double quantity food this day 
was quickly passed into the 
probably very soon restored, but the small balance 

excreted nitrogen was doubtless largely due 


itv the feeding the second and third days the period 


The feces, also, it will be seen, were not greatly altered chen 


cally, although they were considerably increased 
percentage nitrogen rose somewhat during the 


but this increase was probably due the greater quantity 


eliminated, which have already and 
not result impaired digestion seems have been 
slight interference with the absorption fat, since the quantity 


116 Mead and Gies. 


ether-soluble matter somewhat increased the second and third 
periods. This fact seems harmonize with the cause assumed for 
increase the nitrogen, for since tellurium deposited 
the mucous membrane the stomach and intestines, and thereby 
increases the number cells and the quantity mucus thrown into 
the canal, can safely argued, that may some measure inter- 
fere with absorption. However, this increase the quantity 
ether-soluble matter, the faeces, like the increase nitrogen, 
slight that little importance can attached it. 

have already called attention the bluish-black appearance 
the after administration tellurous oxide. The color due 
metallic tellurium present fairly large proportion. Since only 
traces tellurium were present the urine the oxide 
period, and none could separated from little more than 


Grams. Per cent 


Periods. 
Fore 46.67 12.626 
Tell. oxide $1.24 27.308 


After 20.110 


hair shed during the same time, seems very probable that the 
comparatively small quantity tellurium which succeeded getting 
through the walls the intestine was finally converted into 
telluride and that was all being gradually eliminated that form 
through the lungs. The largest proportion left the body the 

SECOND EXPERIMENT; WITH TELLUROUS 

Although the analytic results the first experiment indicated that 
there had been but slight stimulation catabolism, felt desirable 
make second trial with tellurous second experi- 
ment sought avoid the vomiting which the first had tem- 
porarily upset the equilibrium, while the same time aimed 
keep the dose large possible order determine the 
mum influences. used dog weighing approximately 10.5 kilos. 


Equilibrium was established days. The diet consisted 


See analytic results, Exp. page 135. 


| 
[ 


175 gms. prepared meat (6.121 gms. N), gms. cracker dust 
(0.604 gm. N), gms. lard, and 450 water; contained 
nitrogen. The experiment lasted three week 


total 


and was divided into three perio 


i 


length. 


second week tellurous oxide was given before, 


averaging 0.21 gm. per diem; and each day there was retained 0.05 
gm. more than the previous experiment. The largest single 
was 0.15 gm., the smallest 0.05 gm. 

the fifth day, when total 0.3 gm. was given, the ate 


with reluctance and was only after coaxing 
ting that all was swallowed. Loss appetite had also been shown, 
during the previous day, when equal amount the oxide 
been administered. assumed, dosage 
the following day would cause vomiting, the daily quantity 
given with the food was was evident, however, that for 
that particular time had administered the maximum quantity that 
could borne without toxic manifestation. appetite was 
evident the end the period spite reduced dosa but 
appetite when the oxide was discontinued. 


] 


hour after the dose had been swallowed the garlic odor the 


breath, noticed the previous experiment, was again 
remained evidence throughout the experiment and for some day 
The languor and sleepiness prominent the first experi 
ment were not especially noticeable was 
loss appetite was the only approach 

The urine was not quite dark color before. Albumin, bile 
pigment, sugar, and abnormal sediment were absent 
all cases. None the samples urine gave off sufficient 
little altered, although they acquired the characteristic bluish-black 
appearance during the oxide period, due, as previously tated, to 
metallic tellurium. They contained unusual quantity mucu 
only once was the garlic odor experiment also 
the cast-off hair had the usual garlic odor, but were unable 
detect any appreciable quantity tellurium the hair 
the 

The tables given herewith (pages 118 and 119) present the data 
this show conclusively, think, that tell 

was determined with uniform quantities urine and reagent 


make colorimetric observations directly Comparable The dry 


/ 


> 
2 
| 
| 
+ >) x = - 
I~ uw i~ I~ i~ 
= 
> 


119 


Effects Tellurium Compound 
= 

| 

I~ I~ I~ I~ ix I~ I~ 


oxide large could well retained had little meta- 
bolic influence that could measured Body weight 
was constant; volume, reaction, and specific gravity the urine 
showed little variation, total phosphoric and sulphuric 
unchanged quantitative and was 
only slightly excess ingestion cach the periods. 
The distribution nitrogen the excreta stated the following 
summary 


Tellurous oxide 


Grams 


Fore perio 


Total nitrogen. 
Grams. 


47.075 


Nitrogen hair 1.108 


Nitrogen balance 


nitrogen 


These results are accord with those the previous experiment. 
The unimportant excess excreted nitrogen each period can 
hardly given much significance from any standpoint, 
amount within the ordinary limits error work this kind. 

worthy note that particular influence normal putrefac- 
tive changes the intestine was manifested, for could 
every day's urine. The normal fluctuations were quite 


noticeable. The indoxyl reactions were obtained most distinctly 


recorded the day elimination. The nitrogen the faces was 
determined the combined excreta each period. The average daily weight 
shed hair was: fore period, gm. (0.128 gm. N); tellurous oxide period, 
1.30 (0.158 gm. N); after period, gm. (0.135 N). 


Grams 
15.437 
J 
Per cent. Per cent. Per cent. 
f Nitrogen of hair 19 2.4 20 
Nitrogen balance 2.0 2.4 


Tellurium Compounds. 


about the days defecation, indications that the 

bodies was greatest when the matter the intestines 

amount. faces collected throughout this 
1 ‘ 

even less variability than was noticed the 


Not only were the quantities cach period apy 


equal, but nitrogen content, also, was practically the sam 


hat there was little 


assumed, therefore, 
tion this experiment. 
This animal seemed bear the tellurium 


the end the equilibrium experiment 0.75 


given with the usual morning 


although few hours the odor 


expired air was almost unbearable, and remained stron 


weeks. Even languor and sleepiness were not 


THIRD EXPERIMENT; WITH 
TELLURIUM TARTRATE. 


several preliminary experiments both 


and the tellurium seemed more 
tellurous oxide, facts which are doubiless ce pe ndent on 


solubility the former The 
was established four days Phe daily 
posed 160 gms. prepared meat 
dust (0.604 gm. N), gms. lard, and 400 water. 


nitrogen was The experiment was carricd 


+} 
Ui) 
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periods, each week length. Throughout the second 


sodium tellurite was given meat capsules with the food 


the fourth, tellurium tartrate. The third intermed 


the animal time recover from any influence 


note any possible cumulative the dosage 


The largest dose the tellurite was 0.15 with half 


quota food, the smallest 0.05 The amou 


lurium tartrate given with any one meal was 0.025 


0.0125 gm. the evening the sixth day the sodiu 


period, the dog ate the usual portion 


1 It should not be forgotten, however. that tellurites re tra fo 


oxide the acid the gastric juice. The oxide lik 


tellurite the alkaline liquids the intestines 
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assuming that the limit dosage had been reached, and wishing 
prevent vomiting, the dose was decreased the smallest quantity 
the period. trouble was experienced with the tellurium tartrate. 
were, however, afraid increase the dose over 0.05 gm., 
gm. had caused vomiting another for this one the 
dose might have been raised somewhat. 

Within half hour after the ingestion the first dose tellurite, 
the garlic odor the breath was very noticeable. continued 
throughout the whole the day the tellurium tartrate 
crease the odor. With the exception the loss appetite the 
sixth day the tellurite period, and the garlic odor the breath, 
there was nothing any time indicate that the dog was not 
normal. The urine showed little variation color 
abnormal could detected it. Even the were only little 
blackened metallic all other outward appearances they 
were perfectly normal. could detected 
any period the solid excreta even directly after passage. 

The accompanying tables, pages 124 and 125, giving detailed 
analytic data! for this experiment, point the same general conclu- 
sions that were drawn from the first and second experiments. These 
non-toxic doses induced very little alteration the course meta- 
bolic events. The weight the fluctuated very little; the 
volume, specific gravity, and reaction the urine were practically 
constant throughout; and the quantity sulphuric acid excreted was 
the same each The nitrogen showed little deviation from 
the normal, although slight stimulation, after dosage, was again indi- 
cated. page 123 are the figures for the distribution nitrogen 
the various excreta, which emphasize the conclusions already drawn. 

this experiment determined quantitatively the amount 
combined sulphuric acid order measure more definitely than 
was the case the previous experiment the effect tellurium 
intestinal putrefaction. will noticed that the normal fluctuations 

Nitrogen was determined, every two three days, combined urines. (See 
note, bottom page Total SO, the urine, and the nitrogen and ether- 
soluble matter the were determined the excreta for the 
Combined SO, was determined the urine passed the days and 
also the combined urines each weight faces recorded 
davs defecation. The average daily amount cast-off hair varied between 
gm. and 0.89 gm.; the content nitrogen between 0.099 gm. and 0.115 gm. 


The dosage appeared have influence this connection. 


are here again emphasized and that the combined sulphuric acid 


only one case was the amount combined sulphuric acid 


urine the day defecation less than the average daily output 


Total Nitrogen 


Nitre gen ot food $5 220 $5,270) 15.270) 45 99 

Nitrogen of urin +1. S7S 452 1.432 ) 11.300 ) 

Nitrogen of faeces 3.1 2¢ 4.757 $ 46.042 44.0354 $45.91 
f 


Nitrogen of hair 0.753 O694 0.72) ( 
Nitrogen balance 0.537 OS22 IN 


Katio to nitrogen 


Per cent. Per cent Per cent Per cent 
ingested 


Nitrogen urine 


Nitrogen 


the same for the whole period. The ratios combined total 


sulphuric acid are here summarized; evident that 


tellurium, the quantities and forms had material 


influence intestinal 


Normal 
Sodium tellurite 


Intermediate 


Tellurium tartrate 


Grams (sran (, 
Nitr gen bala 1.2 Ut | 
Grams Kat 
riods 
( ! t 
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The increased quantity ether-soluble matter the re- 
corded the table the first experiment, repeated this experi- 
ment after the administration the tellurium compounds. The 
ratio the fat and nitrogen the whole quantity the faces for 
each period shown the summary 


Grams. Per cent. 


Periods. 


Normal 3.126 


29.4 


Sod. 3.596 35.4 6.3 


Intermediate 


Tell. tartrate 18.792 3.812 30.1 


There seen rise the quantity both ether-soluble and 
nitrogenous matter during the dosage periods; this, though very 
slight, indicates some interference with absorption, and probably 
increase the quantity mucus and epithelial action 
here may relatively more marked because the soluble substances 


would naturally have more decided local action than the insoluble 
oxide. However, these differences are entirely too slight for more 
than reasonable guesses. 

the close the experiment gm. tellurium tartrate given 
with the usual morning meal caused vomiting little less than 
hour. Two days thereafter 0.5 gm. the tellurite produced the 
same effect three hours. The odor methyl telluride 
breath was especially strong at, the time 


FOURTH WITH SODIUM 


With the results the first three experiments before ap- 


peared altogether unlikely that non-toxic amounts 


would have more decided action than that already observed. 


The preparation tellurates pure condition most problem. 
After working several months, with the assistance the late Dr. Herman Loos, 
Professor Lenher succeeded making for 9.5 gms. almost chemically pure 
sodium compound. This preparation was recrystallized least twenty times. 
Its only impurity was very small proportion sodium probable 
that commercial tellurates are purer than this preparation and that their effects 


when given drugs, are modified the small quantities tellurite which they 


contain. 


| 
i 6 J 
6.1 


Tellurium Compounas. 


seemed desirable, however, 
ence sodium tellurate metabolism, because the 
concluding experiment weighed 

gms. prepared meat gms. N), 

gm. N), gms. lard and 600 
all 10.430 This diet was given for 
the weight the animal remained constant, when 
was was carried through three periods 


lavs 


were each week length the second, cight day 
second the tellurate was given daily with the food the 
largest dose the tellurate, gm., was given the 
day the second period with the morning 
food the tellurate period 0.5 gm. was given, and none for the 
the The amount regularly administered was 

each portion food. 

During the night the third day the dog vomited little 
mucus. this indicated cumulative action tellurate was 
the fourth The vomited mucus was mixed with the 
the next morning. There were manifestations 


than vomiting, and toxic symptoms were exhibited even 


> 


administration the unusual dose during the morning the last day 


the end the second and the beginning the third 


Within very short time after the first 
odor the breath was very marked. seemed 


crease steadily, and was, course, strongest after the administra 


the largest dose; for more than two months thereafter 


stil! perceptible. 


The urine manifested the customary coloration chan 
constituents could detected except 
reaction was acid throughout and 


Six months previous this experiment 
dog for experimentation other connection. this 
pe ned for a little more 
the three period 
the experim 
untortunate 
After the largest dosage it is probable th 


See results this pages 
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detected each sample. The contained little more than 
the normal amount mucus, during the second and part the third 
period, and the bluish-black color deposited tellurium which had 
been noticed before was again observed; otherwise there was noth- 
ing unusual noted. 

this experiment nitrogenous metabolism was measured the 
output nitrogen the urine nitrogen was determined 
the hypobromite method. Urea was calculated from the nitrogen. 
The accompanying tables summarize the data this experiment 
(pages 128 and 129). 

Here again the results are essentially repetition. Body weight 
well the volume, reaction and specific gravity the urine 
were unaffected. The total solids the daily urine 
cally the same period, but nitrogen (urea) was increased 
enough indicate, the case all our previous experi- 
exception the vomiting third day and the continuous 
elimination methyl telluride the expired air, there were 
visible toxic effects the The dog particularly 
sleepy for short time, already mentioned, but did 
from loss appetite, symptom observed each the preced- 
ing experiments. the tellurate seemed 
devoid toxicity, for even 1.5 gm. given empty stomach 
with small piece meat the close the experiment, caused 
vomiting only after seven hours. The quantitative eliminations 
the will seen from the tables, were that 
may safely said that particular effect was produced intes- 
tinal absorption, except, perhaps, slightly diminished assimilation 
fat. 


REVIEW. 


reviewing the results these metabolism experiments should 
mentioned that the occasional vomiting was quite accord with 
the original observations Hansen (2) and the experience subse- 
quent workers. The odor the breath after the introduc- 
tion tellurium has been observed all investigators except 
(3) and Combemale and (4), inquiring 
into the cause the so-called bismuth breath, found that when 
men took only 0.000,000,5 gm. tellurous oxide, solution, the 


odor garlic could noticed the breath 


Tellurium Compounds. 


ward, and that continued for about 


and and observations were 


been attributed ethyl telluride Wohler and his 


assumed that the volatile substance exhaled was 
ide methyl. Hofmeister (12) has 

means that synthesis telluride occurs almost all 

the body after the introduction tellurium any form, 

has found that the process does not take place 

oxygen. Hofmeister has also shown that 

meister and Czapek and Weil 
administration tellurium frogs. Knop (5) nor Bokorny 
(11), who have found that small quantities compounds 
exert little destructive action plants, observed this 

the part vegetable cells. 

The very languor, sleepiness, petite 
some these experiments, first noted Gmelin (1), 
ported Hansen among the results experiments 
and were observéd also The color and odor the 
urine and the increase mucus, and the presence tel 
lurium metal, the latter, confirm previous observations Hansen, 
Beyer and Reisert. The latter found that the garlic odor, 
the urine 382 hours; the sweat, 452 hours; the 
the breath was still present the end 


/ 


putrefaction. result, however, harmonizes with the very recent 
observations Scheurlen (14) and Klett who found that the 


development various forms bacteria, for example, Staphylococcus 


UND DEAN: Annalen der Chemie und 
Annalen der Chemie und Pharmacie, 
Journal fur praktische Chemie, Xx, 
are 


~ 


reatly indebted Professor John Marshall for calling our attention 
work. seems that subsequent foreign investigators the behavior 
tellurium the animal body were unaware Reisert’s probable, 
however, that Kunkel refers these results when says, The odor 
telluride) has been detected the faces man over two months 
breath more than half-year, after the last dose 


Toxicologie, erste 1899, 365 
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pyogenes aureus and mesentericus vulgatus, was not materially 
hindered small proportions tellurite. Klett observed that the 
virulence such bacteria anthracis was not perceptibly de- 
creased the action small the same all 
our experiments much the ingested tellurium was quickly 
transformed the passive metallic state. consequence, the 
proportion active tellurium the intestinal contents must have 
been slight. 

Attention has already been called the fact that brief 
and imperfect experiment the excretion urea after intravenous 
injection sodium tellurate was the only previous attempt deter- 


Nitrogen Nitrogen Total balance of nitrogen 
ingested daily. excreted daily for each period. 
Pellurium Grams (jrams Grams 
compound 


used. 


Fore 


Dosage 


9667 


6460 6.460 6419 6559 O28S6 


NasTeO, 10.430) 10430 10430 9.070) 10.850 10.200 9510 3.380 1.596 


The figures for excreted nitrogen Experiment represent only that eliminated 


the urine, that the corresponding figures under “total balance” represent 


ditferences between food and z7nze nitrogen. 


found that the normal 
amount urea climinated the urine healthy dog during three 


mine the metabolic influence tellurium. 


preliminary days was 9.45, 10.41 and 7.62 per cent respectively, 
average 9.16 per injection 0.75 sodium 
tellurate (0.27 gm. tellurium) into the jugular vein the urea the 
urine five successive days was 1.79, 6.06, 8.50, 7.98, 9.00 per cent, 
average 6.67 per falling-off the amount urea 
was due, undoubtedly, the refusal the dog eat the first 
and second days the tellurium period, and Beyer does not give 
any analytic data regarding the food, impossible attach any 

Our attention was first called the work Scheurlen and Klett Dr. 


Hiss, whom are also indebted for valued suggestions. 


: 
Dos- Dos 
Ave rc. 
fae 


Lffects of Tellurium ( om pou nds. 


special importance his results this connection, 
tion tellurium, albumin pig 

urine for several the first day 

0.062 gm. metallic was eliminated, 


em., the third trace. More 


therefore, was climinated the 


own results with respect ism 


the above general summary, 


INFLUENCE DIGESTION AND THE GASTRO-INTI 


our metabolism experiments 
the first and fourth experiments, 
oxide and several hours 
lurate had been administered. 
and practically all the 
the was increased 
were reduced the 


diminished 


THE NORMAI 


following 


observed this connection, 


With tellurous oxide. 
Had received 
with 
meat weighing 
Drank 200 
strong at 2 


so throug \perinment. 


pieces meat, with heavy white 

The dogs these experiments were 


nal lire 
reagent and tropwolin 
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that vomiting urred 
mes there was appetit 
also, that tellurium compound 
tract, that absorption 
telluride mingled with the 
have attempted determine additional experiments 
alimentary tract. 
with other facts interest 
evious hours. Was given total 
it, in eq ] portion —o.5 gm. TeQ in | 
dose. Odor methyl telluride room 
sleepy and odor sickening. Contin 
morning; full und 
black mucus Contained much 
1 the cage used in tl metabolism 
lid matter the vomit 
tor free acid were 
“ 


12.30 first food offered gms. with gm. eagerly 
water all vomited, with much greenish black mucus 
strings and lumps. litmus; free acid. undissolved 
11.30 P.M. (no water during interval), 
Mostly clear fluid with much mucus. free acid. 
drank 500 c.c. water; food given. minutes later 100 
neutral litmus. 175 urine eliminated. The urine 
yellowish green, like diluted bile, though bile pigments were present. 
meat, 200 water atg A.M. gms. meat with gm. 5.15 
8.00, faeces streaks blood, much mucus. Urine also, 
not dark color gth. coagulable proteid. gms. meat 
fused food and water none for hrs. Nose very warm and 
food repeatedly all sleeping. Fever high midnight. 
Dog not easily roused from stupor. A.M., 100 gms. meat, 
several pieces, eaten; vomited minutes. Solid portion again 
quickly thrown occurred three times half each time 
acid litmus; free acid. Greenish mucus very abundant. 
vomited again acid litmus free acid. Ate small quantities 
meat and drank water, with increasing appetite throughout day. 
urine morning; not particularly dark. 14.— Recovering rapidly. 
one piece with gm. and 200 H,O. gms. piece with 
action except increased methyl telluride and stupor. Vomit 
found and gms. pieces meat unchanged, with contained 
Greenish fluid, full greenish and bluish shreds mucus 
Strongly acid litmus free acid. Urine normal appearance, 250 c.c. 
12.30 vomited again. gms. piece meat thrown up, 
undiminished size; blue mucus half foot length. 
Some undissolved. Vomit acid litmus, none bloody 
meat, 1.0 gm. 200 water. fluid vomit; green and blue 
acid litmus, none tried vomit, without success. 
vomited gms. piece meat given powder blue 
mucus. litmus; none free. Midnight, 115 very dark urine. 
Contained coagulable proteid bile pigment. 

dominal cavity and separate organs. liver, Jungs, brain, normal 
outward appearance. Gall bladder greatly tract 
lined throughout with greenish and bluish-black layer metallic tellurium 
granules. Smal! intestines much inflamed. Contents stomach acid 


> 
we 


litmus free acid. Pepsin contents blui 
mucus. Kidneys very dark, cortical layer black. 


ter 


(Qualitative analysis various 

page gave tollowing results tor 

muscle from back, stomach 


intestines, bile, 


yielding 0.977 gm. tellurium 
With tellurous oxide. 
nearly all vomited ; all solid portion 
again all 


Ccorresponain 


and HNO 


bacteria. kach gave ge | ith AgN¢ 
of albuminate and proteose. Kelling’ 
methyl very after first dosag 
With sodium 
meal meat, bread, water 
and 
4.00, methyl 


> 


more inten e throughout dav. 6.256, Ve luid and muet 


no free acid. 7-35. more vomit — tl 
thrown little altered, with parts 
free. 9.30. retu 


urine, somewhat darker, othe 


With tellurium tartrate. 


normal 


fluid and mucus thereafter. 
refused 
normal urine. 
With sodium tellurate 


‘al might belor 


See quantita 


very dark; 
ippearance. 
method outlined 
blood, ich, 
and of large mall 
amount the was surprisingly large. gms. the desiccated material 
dry 
repeated at 3. 6.30, 5.45 ana 
nann’s tests for 
Bitch weighing 
4.2 M.. gn recat 
quantity: meat with 256 
about cave more and 
\cid 
veces of meat given durin 
food pron ced 
9 } } 
Apr. Same dog used Apr. 
meat piece enclosing 0.3 gm. same 
and meat with gm. telluride stronger 
after first dosage. Vomit 11.30, 11.55 and 
ich vomit to tmu wil 
recovered rapidly evenin 
Apr. 16. Dog we ied kilos 
results page 143 


Pe 


two pieces. Methyl telluride very strong within hour. gm. 
gms. meat, three pieces. Sleepiness very marked, odor un- 
odor methyl telluride room food given. 
vomited two pieces meat weighing nearly 
with considerable quantity grayish-black mucus. Vomit acid litmus none 
free. 

Post-mortem (Chloroform, Only pathological conditions noted 
were inflammation intestines bluish-black lining gastro-intestinal tract 
due granular tellurium epithelium and methyl telluride from abdominal 


cavity and tellurium could separated from the lungs. 


Many the results the above experiments confirm observations 
made our metabolism experiments and those previous in- 
vestigators, especially Hansen, Rabuteau and Beyer; but particularly 
striking the fact that there was never any free acid any the 
mixtures thrown from the stomach. quite evident 
experiments that irritation the gastric mucous membrane usually 
very marked, although required times surprisingly large quan- 
tity tellurium compound cause The intestines were 
also much inflamed The mucous cells 
greatly stimulated, judging from the large mucus 
secreted. Slight intestinal hemorrhage was also produced, 
occasionally shown the bloody The results cach these 
experiments seem combine prove that tellurium exerts 
tory action the secretion acid the stomach. Certainly not 
enough acid found furnish free acid, even when only small 
amount proteid present there combine with This must 
one the causes the indigestion repeatedly observed throughout 
these experiments. not seem probable that mere transforma- 
tion the small quantity tellurium compounds administered could 
account for the disappearance free have not recorded, 
above, the individual results regarding the presence 


Pepsin was contained active quantity particular 


dog kilos weight which had been perfectly healthy during the six 


was our charge was chained near the animal which the experi- 


ment was being performed. During the night vomited seemed 


months 


due entirely inhaled methyl telluride. The windows and doors the 
room had been closed tor the night, that the telluride accumulated. See 


personal reference page 147. 


“i 


was added, giving distinct blue reaction with congo red, 
relatively large quantity was quickly digested all sam 

order test the above conclusion 
secretion of hydrox hloric acid, we conducted on a de 
fistula some experiments designed give even more 
put place, toward the pyloric end, the Nove 
five weeks before the experiments were 
speedily resulted the dog digest norn 
equal free acid contents. ‘Time from 
pearance free acid, hr. 
meat given one free detect 
quired for appearance free acid, min 
Experiments with tellurium compounds. With tellurous oxide. 
150 meat four pieces equal size, each 
thick mucus. Stomach contents scanty. Was given 
drank 150 c.c. stomach contents 
still free acid. Contents neutral litmus. 
had been mostly removed, was able abundant secret 
stomach. Given gms. meat single piece with 
12.45 trace tree appearance tree acid, 
the day preceding each experiment the dog 
received all the water the the experi 
mentioned the above summaries was fed: 
reagent and was determined qualitatively 
See CHITTENDEN, MENDEL, and JACKSON: 194 


The time until free acid appears here probal 


was ing sted. Note, howeve r, the result of our last control expe 


] } ‘ 


///. With tellurium tartrate. free acid 


contents. 10.15, 150 gms. meat four pieces, equal size, with 


total 0.3 gm. still free acid. interval 


free acid. hours. 10.30, gms. meat given one piece. 


12.15 A.M., free discontinued. results might in- 


dicate that tellurium tartrate has even more decided inhibitory action than the 


oxide. 


contents. 10.15, gms. meat single piece with gm. 


2.15 first appearance free appearance free acid the 


end hours. 

abundance free acid. 100 gms. meat two pieces, with gm. 
first trace free First trace free acid after 


interval hr. min. 


Note. odor methyl telluride the exhalations always became more 


pronounced hour two after the ingestion the meat containing the tel- 


lurium compounds. bile pigment was detected, with Gmelin’s test, 


the stomach contents after tellurium dosage, but not any other 


the various samples tested contained pepsin which, after the addition 


equal quantity o.2 per cent showed vigorous digestive action fibrin 


shreds. Contents almost acid litmus. 


Same ‘Time from feeding free acid was detected, 


min. 


Time 
interval 


First trace 
free acid 


hr. min 


min. 


10.15 hr. min 0.3 gm. hr. min 


2(1) 9.15 A.M min 0.4 gm. 


min.§ 


we 


ym. 


* No free acid when experiment was discontinued t At least. § Minimum. 


ad 
gyms feeding. Interval 
30 
4 
J 


Tellurium 


Direct comparison the results, 


experiments with those 


tellurium, clearly brings out the fact that free aci 

shorter time when given. 

these experiments, page which the results 
meat are grouped together, shows this, 
think, that the hydrochloric 

markedly inhibited tellurium compounds 


INFLUENCE ZYMOLYSIS. 


All evidence our experiments this point, bearing 
tive conditions, appeared favor the view that tellurium 
the quantities given, have special inhibitory action 
proteolysis the presence free hydrochloric acid. 
pepsin did not seem affected 


Wel 


under favorable conditions, cannot safely inferred, from any 


sults have presented, that its secretion was not interfered with 
the case the acid, however, its more definite quantitative rela 
tionship proteolysis the stomach makes 
its formation these experiments much more reliable. 

With view ascertaining roughly the action percentages 
tellurium compounds, equal and somewhat higher 
the stomach throughout the previous experiments, conducted 


few test tube experiments with and fibrin, and then, 
incidentally, also determined the effects similar quantities 
ptyalin and trypsin under appropriate artificial give 


our results briefly summary 


0.2% 
With sodium tellurite. (Alkaline reaction litmus. 


juantities 


above transformed great part into hydrated 


Methods. “Pepsin was prepared dissolving 
trypsin was made method. (Given Studies the 
saliva was used the amylolytic Proteolysis was 
the disintegration and disappearance purified fibrin amylolysis 
starch paste, 0.5 per cent, with and solutions 
volumes the digestive mixtures were c.c. Time: usually 
hour, 40° all cases control experiments were made determine the 
activity the enzyme solutions. 


iriably Aappcared 
} \ 
il cL LION 
for portion 
data indicate, 
gastric 
psin 
tion 
re 
called, however, that traces pepsin manifest great proteolytic 


140 L.D. Mead and Gies. 


precipitated. Reaction mixture also becomes alkaline). 
Digestive action quickly obtained with amounts not over 0.625‘ 
presence this quantity some acid uncombined. 
II. With tellurium tartrate digestion with much 
III. With sodium tellurate (containing trace tellurite; slightly alkaline). 
Digestion with 


Trypsin (neutral). 
With sodium tellurite. Rapid digestion presence 
With tellurium tartrate. Some digestion presence 
(neutral). 
With sodium tellurite. digestion with quantities above 0.02%. 
II. With tellurium tartrate. digestion with quantities above 0.02%. 
With sodium tellurate. digestion with quantities above 


seems quite evident, from these results, that pepsin and trypsin 
are not destroyed quantities tellurium compounds under 0.6 per 
cent and are active with much 1.25 per cent and 2.5 per cent, 
respectively, some appears the most 
sensitive destructive influence, trypsin least so. The reactions 
the compounds appear influence greatly these results, the tellurate 
(only very faintly alkaline from admixed having the least 
destructive action. may reasonably concluded, then, that inter- 
ference with digestion the dog, after dosage with comparatively 
small amounts, has resulted more from disordered secretion than from 
direct influence zymolysis 


the experimental data here presented can draw hardly 
more than very general deductions regarding influence absorption. 
The chief evidence disturbed absorptive function given the 
figures for ether-soluble matter the the first 
metabolism experiments, indicating decreased fat 
ing the dosage periods the cells the villi take metallic tellurium 
and their absorbing capacity may therefore much diminished. 
The variations nitrogen content the shown the tables 
the first three metabolism experiments are too slight warrant the 
conclusion that food proteid had accumulated the intestines. 
Besides, has been very evident, almost all our experiments that 
the secretion mucus was considerably increased the presence 
tellurium, and the larger quantity nitrogen the after dosage 


Effects larger quantities were not determined. 


q 


Tellurium Compounds. 


may have been due entirely that perhaps 
ever, the absence experimental evidence, 
stress these points, since the digestive and 
the intestines are far too complex, and are 
interdependent relations, for ascribe the 
matter and nitrogen the any one general 
consider result any specific abnormality 
Since secretion acid the stomach interfered with, 
reasonably supposed that secretory inhibition results the intestine 


also and that perhaps digestion fat was retarded for that 


Certain is, all events, that loss appetite, gastric 
irritant action resulting vomiting and disturbed secretion 
cells the membrane lining the gastro-intestinal tract 
abnormal quantity their product; that excessive doses 
may cause intestinal hemorrhage; that the cells the 
brane reduce tellurium compounds the metallic 


somewhat more bulky the dosage periods, carry oft, 


form the metal, much the ingested put 


faction does not seem especially influenced, and 

formed somewhere the tract and climinated part, least, per 


EFFECTS AND DISTRIBUTION AFTER 
INJECTION, 


effort has previously been made determine 
distribution tellurium, although its presence almost all parts 
the body, after intravenous injections, has been shown quite sati 
torily by histological methods. We Ive here the toxt logic al 
one experiment which tellurium tartrate was 
skin, together with the results some analyses the glands and 
tissues. 


Injection experiment. With tellurium tartrate 
Bitch weighed 6.2 kilos (same animal been used 
periments and page full meal given. 3.30 
per cent sol.) injected side, posteriorly. irked 
local irritant action. 3.50, very restless. tremor limbs. 
odor very strong. 4.20, tongue and jaws moving get 
c.c. per cent sol.). breathing more labored. 
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twitching all over body. gm. injected, opposite side 
tongue and jaws less stupor; aroused with 
urine colored, containing coagulable proteid and bile 
(Urine. night before, normal.) 9.15, very 
midnight, hardly able stand. Refused food. Senses cold 
and 8.30 nose dry and warm. Unable 
very much lowered extremities convulsive movements. 
able breathing slow and deep for several 
watery and bluish-black (color doubtless due tellurium from ingested com- 
brownish red vomit, with much mucus. litmus, none free contained 
pepsin. 8.00, unable move, even with mechanical stimulation. 
reddish black urine, containing coagulable proteid. 9.15, coma. 
black. Not laky. forms found blood, such Rabuteau de- 
scribed. Kidneys very black cortical layer. Heavy deposit metallic tel- 
lurium about points injection, and some very much intlamed. 
Gastro-intestinal tract lined with metallic tellurium ingested 
compounds). Stomach contents deep red, alkaline ; contained pepsin. Liver 


congested. other lesions removed for analysis 


These results tend show that subcutaneous injections tellu- 


are followed essentially the general effects noted 
intravenous injections, especially Rabuteau and Czapek 
and Weil, except that with subcutaneous injections the effects are 
much more noticeable this experiment were 
depression, weakening the reflexes, increasing stupor, 
paralysis, coma, and convulsions preceding death from asphyxia. 
amounts tellurium distributed the various organs the dog into 
which the tellurium tartrate had been with results agreeing 


the method outlined page tog. 

This same animal had previously ingested 0.7 gm. Na,TeO, and gm. 
experiments and page 135. Most this was vomited, how- 
ever, and much that remained the tract finally passed out with the faces, 
was held the intestinal mucous membrane. The total quantity 
injected under the skin was 1.45 gm. —containing approximately 0.31 gm. Te. 
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Tellurium 


the main with the qualitative 

servers. The given below show 
indicate that readily soluble 
Beyer has demonstrated histologically, may 


ited almost all parts the system: 


Muscle and skin 


Bile, 11 cx 

Stomach ° 

Urine, 110 (April 11) 

Brain 

bladder 

Stomach contents . 

Muscle, from (150 


Lungs, pancreas, 


see from the above results that the liver and kidney 


fairly large proportion tellurium, and obvious that 
organs have much with its separation from the blood 
sequent The comparatively large quantities the 


and bile show this spite the strong odor the 


breath, the lungs contain any one moment only traces 


IV. ELIMINATION TELLURIUM. 


Tellurium compounds appear quickly reduced 
enter the all our feeding experiments the con 
tained much the bluish-black metal, the walls the gastro-intesti- 
nal tract were lined with reduced tellurium and even the material 
the vomit pieces meat well mucus 
action holding tellurium metallic great 
part ingested tellurium eliminated metallic form the 
intestinal excrementitious matter. When dosage 
when tellurium was introduced under the skin, appreciable 
were eliminated solution the When the quantities 
ried into the stomach were small, only traces tellurium appeared 
the urine frequently none could 


Discoloration (bluish black) extended far 


tissue, that much more tellurium was deposited near 


Identical results were obtained Hansen, Czapek and 
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injection have found tellurium the urine and the bile proof 

the elimination that substance from the body both the liver 
and the kidneys. The glandular and tissue cells appear reduce 
the bulk tellurium compounds coming with 
them and retain the metal, although, Hofmeister 
have shown, they form also probably the 
metal. 

This reduction takes place contact with any 
protoplasmic substance. ourselves have observed when tellu- 
rium compounds were brought contact with fresh 
and also Klett have lately shown that bacteria 
tellurium and that the bacterial cell colored the metal under 
such conditions, thus furnishing satisfactory indicator 
reducing power the part these organisms. 
referred this process explanation the pigmentation the 
and the contents the gastro-intestinal Hofmeister 
noted that the methyl synthesis and the process are 
entirely independent each other, and that the latter may take place 
all over the body. Beyer, working histological methods, observed 
that granular tellurium was deposited only 
nerve and glandular cells, leucocytes and striated muscle particularly. 
Endothelium, unstriated muscle, nerve and connective tissue fibres, 
the other hand, were found have affinity for tellurium. 

The continuous evolution methyl telluride the breath (noted 
practically all observers under all circumstances, and symptom 
all our experiments), implies transformation deposited metal 
into soluble and diffusible form and subsequent transference the 
lungs. This have seen, invariably 
long after the last dosage tellurium that gradual transformation 
the form telluride thrown from the body, not only the 
lungs, but also with the epidermal excretions, the and intes- 
tinal gases, and may, Neusser has pointed out, give special odor 
eructations. 


Hofmeister has, fact, proved this. injected pulverized, chemically pure 
metallic tellurium, suspended NaCl solution, into the jugular veins rab- 
bits. first there were special symptoms. After days, however, the odor 
methyl telluride appeared the expired air and continued 
way, also, much the metal deposited under the skin our subcutaneous injec- 
tion experiment must have been slowly transformed (page 142). 
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PERSONAL EXPERIENCES. 


There are cases fatal tellurium 
have been able ascertain, 
tics have been destructive lite 
tively few facts have been collected cvarding 


student inadvertently swallowed dose tell 
lowed the evolution such persistent 
der the session had sit apart from his fellow 
more poisonous than the corr 
have very unpleasant metallic taste resembling 
and that some have 


strongly emetic. Wohler, the time his 

ide,’ stated that very poisonous. that 
while engaged his chemical researches 
observed that his sweat and breath took 
bling that the substance was working 
perspiring very freely, the garlic odor sweat 
that himself could hardly bear 
weeks. During seven successive days 


} 


em. potassium Unusual sleepiness, 


cardiac region, nausea and abundant salivation 

toms observed. the end the dosage period there 
loss appetite. The gastric symptoms did not disappear 
until after lapse two weeks. The 
breath continued seven weeks. Hansen was unable 
from his urine. experiment 
presented essentially the same 


1 Quoted from BLYTH: Poisons, their effects and 
GMELIN: Handbook Chemistry (Watts), 
403. Also, 1856, 309, and BERZELIUS: 
225, 230. 
See foot-note, page 148. 
buch der physiologische Chemie, 1878, 
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compounds ethyl and tellurides are merely touched with 
the fingers their characteristic odor carried all parts the 
body, the breath acquiring it, also, few addition the 
facts, already referred the experience metallic taste, 
after ingestion tellurous oxide, was observed 
and persisted for three have already alluded the clinical 
observations Neusser, Pohorecki and Combemale and Dubiquet.* 

are highly favored being permitted present the following 
statement from Professor Victor Lenher this connection. 

Professor Lenher says, work with tellurium was largely from 
metallurgical frequently had occasion make large 
the process fusion the metal some escaped into 
the air and considerable quantity was involuntarily inhaled into the 
lungs. Inhalation the volatile tellurous oxide was accompanied 
distinctly metallic taste, and the breath and secretions from the 
skin quickly took the characteristic garlic odor. own 
personal experience this disagreeable odor remained for months. 
one case persisted for about year. When particularly large 
quantities the oxide were inhaled, great depression and weakness 
followed. One day, after having fused metallic tellurium the open 
air for several hours, was overcome the influence the 
volatile oxide that lay bed sleep for little while, intend- 
ing arise shortly and resume work; but slept soundly for 
eighteen hours without awakening once during that time. Severe 
constipation followed the inhalation the oxide and even purga- 
tives, such compound cathartic pills and Rochelle salt, failed 
move the bowels for several days time and occasionally for 
week. The inhaled oxide did not diminish intestinal 
The facal odors were stronger than normally and, besides, distinctly 
garlic. the tellurium disappeared from the system return 
normal conditions was experienced and the odor the expired air 
steadily diminished. few days after worst experience 
analyzed large quantity the urine, but could not detect any 
tellurium it. The were not closely examined, but they were 
not blackened metallic tellurium. After inhalation fumes 
the oxide have frequently felt nauseated, although have never 
vomited.” 

ourselves have had particularly toxic experiences, although 


Pages 130 and 131 Pages and 131. 
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Tellurium 


the following facts observed Dr. Gies may not 


interest: the close the first experim 


note, page Dr. Gies had make 
length. was very much surprised learn that 
alliaceous odor was observed not only breath 


excretions from the skin. This information was 


several seems probable, that 


tellurium, the methyl breathed out 


inhaled him and retained his 
eliminated the same form. Dr. Gies certain 


any time come personal contact with the oxide, but 


over the dog hold the dish containing the weighed 
five ten minutes time twice day for 
These brief intervals special inhalation were usually 


drowsiness, and sometimes symptom 


short duration. 
VI. SUMMARY CONCLUSIONS. 


Non-toxic doses tellurium (in the forms 


trate and tellurate) did not materially 


brought state nitrogenous equilibrium even 
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continued for week. These substances appeared stimula 
teid catabolism only increased somewhat 
dry matter the and diminished, small degree, the 
reaction, but became dark brown color during the 


Large doses retarded induced 
loss appetite and somnolence. caused, 
and disintegration the mucous membrane 


tract and also intestinal 


Introduced under the skin, tell 


urium (tartrate) cau 
tremor, weakening the somnolence, 


unconsciousness, stoppage death, 


from asphyxia. the point injection much 


deposited metallic form, but was also distributed 
most the organs and 


after introduction into the even 


persisted for months afte 


Wot 
l 
1) 
the 
ont thre 
» Wal 
: 
1) 
that Not at 
} 
VO We 
4 in 
followed by 
}, 
) 
iit 
ib orp 
aan 
] 
VOMMUNE, 
4 inflammation 
istro-intestinal 
4 
q 4 
q 
few minut 
4 


148 Mead and Gies. 


this substance was also detected the faeces and urine, about the 
viscera and the epidermal excretions. 

Secretion mucus the stomach and intestines was greatly stimu- 
lated tellurium. bile into the stomach was 
markedly arrested the secretion acid the gastric juice. 

the gastro-intestinal tract tellurium compounds were quickly 
reduced and the metal deposited great part in, and on, the mucous 
membrane. Intestinal putrefaction did not appear influenced 
any degree. The intestinal contents were pigmented reduced 
tellurium and much the ingested substance was me- 
tallic form the 

The action trypsin and pepsin outside the body was not very 
perceptibly diminished quantities tellurium compounds under 
0.6 per was almost unaffected the presence 
much 1.25 per cent some the Ptyalin was more 
easily affected, even the faintly alkaline tellurate. 
peared least sensitive destructive influence, acting rapidly 
the presence even 2.5 per cent tellurite. 

was eliminated metallic form the methyl 
telluride the breath, urine, faeces and epidermal excretions; 
soluble form, small quantity, the urine and the bile. 

The urine was colored brown yellowish green after heavy 
dosage with tellurium compounds, but return normal coloration was 
rapid after administration had been discontinued. Albumin and bile 
pigment, besides tellurium, were the abnormal constituents the 
urine, found after subcutaneous injections. Toxic quantities given 
the mouth caused the appearance coagulable proteid but neither 
bile pigment nor sugar the urine. 

man tellurous oxide taken into the lungs fairly large quan- 
tity caused nausea, metallic taste, somnolence, depression and consti- 
pation. Methyl telluride was excreted the breath, through the 
skin and with the methyl telluride induced 
sleepiness and nausea and the breath and the excretions 
skin under these circumstances acquired, and retained for 
time, the odor that substance. 

many respects the action tellurium the body like that 
arsenic and antimony.' 


and have come the same conclusion. interesting 
note, this connection, that tellurium believed some chemists 
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Tellurium Compounds. 
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than the 
confirmed 


putting 


which one 


was illuminated 
contained small lantern 
lantern through vertical slot 


passed through 


this passageway near 


about cm. 


which were atta 
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CONTRIBUTIONS FROM LA \ 
| MARK ] \ 10) 
N earthworms are exposed to light of 1 erate intet 
they usually creep away from its sour Both 
dition of these animals, believed s to be due to the tim ti 
+) } +} } 
segments been cut off and thus 
were siipped, that every part the exterior 
was sensitive 
present investigation was made ascertain the inf nee 
iobophora tetida (Sav.) moves, ane to hina ol 
external recions OF DOGY COIS Ive Innuen iS 
plan of which Is given in the accompanyin it ! 
\ 1 
high and bre 
} ] } 
having flat, parallel sides cm. apart and containing 
zontal beam light entered the dark chamber thr open 
its side cm. square. the path the 


Parker and Arkin. 


support near the roof the chamber. Thus the plate, though firmly 
suspended, could easily rotated about its vertical axis. The upper 
surface the plate was covered with sheet wet filter paper, and 
this the worms experimented upon were allowed creep. 
The light employed was 16-candle Welsbach gas burner. With use 
its intensity diminished till the end the experiments measured 
13.5 candle ‘The experiments were therefore assumably 
formed with light from candle 
power. ‘The distance from the light the 
centre the plate which the worms 
were placed was exactly cm. 

sets experiments were tried and 
each set ten worms were worm 
was made creep across the plate 
direction right angles the rays 
light. creeping the turned 


either toward the light away from it, the 
plate was rotated that the chief axis 
the worm was kept uniform relation 


Ground plan dark chamber, 
the light. form some estimate the 
jueous solution directive action the light, the locomotor 
alum; Welsbach gas 


burner; C, dark chamber; 


glass containing 
movements the worm were carefully 
plate, the observed. Each movement initiated 
which cm. from the projecting the head. The direction 
front face the Welsbach the head takes determines the direc- 
tion which the rest the worm will 
ultimately move, and this can used 
means estimating the directive action the light. Three 
classes head movements can easily distinguished: first, 
movement directly forward the line previously indicated the 
animal; second, one away from the light; and third, mevement 
toward the light. each worm the directions fifty head move- 
ments were observed and recorded, twenty-five movements with the 
light the right and twenty-five with the left side the 
animal. Thus each the four sets experiments includes fifty 
observations each ten worms, five hundred observations 
each set. 

each the four sets experiments different part the 
worm was exposed the first set the whole length the 


worm was illuminated. the second, narrowing the opening 
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into the dark chamber 
worm crept over it, the 
the worm. the thi 
the worm was illuminated, 
lable | vives the result 
the whole leneth of the 


(upper section table 
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} 
worms used are designated 


individua 
numbers from Inder each the 
tions the table are given the num 
worm moved its head 
from 

ual worms gave somewhat different results 
the body illuminated, the total results for 


the the table, are remarkably uniform 
appears that five hundred 

and twenty-eight were directly 

fifty-one away from the light, and 

the light. When specimen Allolobo 

across plate righ 

plate kept stationary, the 


away from the light and finally creeps 


the light behind Thus 


of earthworms, Is negatively phot 
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must, therefore, have been due other stimuli than 
stimuli are doubtless found the slight roughness the paper, 
etc., and would tend turn the worm often away from the light 
toward it. Hence follows that part the deflections from the 
ight (twenty-one number) were probably due other causes and 
that consequently the real deflecting effect the light not 

estimated one hundred and fifty-one five hundred but that 


number less twenty-one, one hundred and thirty 


appears that under the conditions the experiments meas- 


ure the deflecting effect the light. 
The results similar series experiments, which, however, 
only the anterior third the worm was illuminated, are shown 


Here will observed that five hundred head move- 


ments two hundred and seventy-three were directly forward, 


one hundred were away trom the light, and 


/ 


eighty-eight toward it, leaving residue fifty-one (10.2 


} 


ascribed the directive influence the light, considerable 
reduction compared with the measure obtained from the action 
the light the whole length the worm. 

When the light limited the middle third the worm, 
reduction its directive influence, shown Table 


five hundred head movements three hundred thirty-six 


were directed forward, eighty-eight away from the 
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apparent that the directive influence 


the anterior third the worm than the middle third, that 


almost disappears the region the posterior third, and 
one these thirds effective influencing the direction the 
movements the whole the fact, the reac- 


tions obtained illuminating the whole length the worm are 


han any those obtained from partial 


much more considerable 
mination, more even than the sum these, that error 
suspected our method work were not well known that 
conditions exist other example, one can any 
small portion the surface the hand remain water hot 


that the whole hand cannot held 


thus demonstrating 


the total amount sensory surface exposed stimulation has much 
with the quantitative character the reaction. 

graded distribution the sensitiveness different parts the 
worm the directive influence light indicated the foregoing 
experiments does not agree with the distribution sensitiveness 


‘ 


Ilesse the part the worm most sensitive changes intensity 


the recion, next comes, not the middle, 
but the posterior region, and last all the middle. 
statements prove correct, they would connection with 
the facts have brought forward conclusive argument favor 
the independence photopathy, response change 
lit. 


But betore this can established, quantitative study the reac- 


tions individual earthworms both kinds 


must successfully made. 
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Amanita verna Amanita bulbosa, 


irritant poisons which set 


that rarely cause death 


report based upon over ninety experiments, 


incomplete, has been impossible 


the good condition for 


inimals the same species there 


gastro-intest 


procure 


rimentation 


a ditterence of st 


small number experiments. 


with fungi 40° C., wit 


With large rapidly give 


inhibition the heart for variabl 


beat again and the pre 


the heart stopped for one minute 


the 
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inal symptoms 
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pronounced cardiac inhibit 


nediat ly after t 
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contractions, and the normal blood-pressure was slow 
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may conclude that does not contain 
which excites the motor the other hand the spinal cord 
man are reported, but not commonly 
the Amanita bulbosa Amanita 

Usually coma appeared late the potsoning, but few instance 
began early and persisted until 

making these experiments with Amanita sixteen dog 
fourteen cats, one rabbit and nine frogs were 
difference physiological action the susceptibility the 
than for the other must noted, however, that with 
individuals the same species there considerable varia 


tion the susceptibility these poisons. Thus one dog was killed 


twelve minutes 0.033 gram Amanita muscaria per kilo 


body weight; another dog 0.223 gram per kilo caused death only 
after twenty hours. These are the widest extremes but they show 
how uncertain the method measuring the toxicity poison 


the dose equivalent. The same variation commonly 


1 1 


noted bacteriologists determining the virulence toxines. 
Atropine and muscarine are diametrically opposed actions 


upon the pupil, the secretions, and the judging 


] 


antidotal value any remedy, should bear mind the 


power resisting poisons which different far 


safer compare averages than individual experiments. average 


six experiments made cats and dogs which antidote was 


used, shows the lethal dose gram dried Amanita 


per kilo body three these death was rapid 


minutes three hours); the other three death was slow 


four experiments which atropine was used 


} 


antidote, the fatal dose was 0.335 gram per kilo and 


every case death was slow. 


1 


antidotal value 
atropine poisoning the Amanita should born 
mind, however, that /ate death occurs the early 
considerably more the poison cause late death when the carly 
inhibition was prevented atropine may 


the same time the poison, even betore it, but the result 


the same. 
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intact. Section the vagi after cardiac 


duced the poison does not entirely away 


Atropine, however, causes the cardiac inhibition 


vould seem, therefore, that Amanita bulbosa acts both 


cardiac inhibitory centre the medulla and upon the inhibitory 


mechanism within the heart. 


some experiments fall blood-pressure occurred befor 


the cardiac inhibition appeared, while there was inhi 


bition the this way the blood-pressure may 


one third, even one-fifth the normal some instances 


the pressure showed inclination return the normal 


the administration atropine, inhibition the heart was removed, 


cardiac inhibition disappeared but remained low 


ing Amanita muscaria the pressure returned very 


cardiac inhibition was stopped atropine. 


evident from this that the chief action Amanita verna 


upon the vaso-motor system, causing widening the blood-vesscls 


\m inita verna contains muscarin 


some body allied it, which 


produces cardiac latter only secondary import 


ance bringing about the fall 
Respirations were usually slow and frequently When 
respirations always ceased before the heart 


seeretion saliva somewhat increased. and 


vomiting occurred twice, while purging occurred one-fourth 


experiments which the poison was given intravenously 


Convulsions were very frequently observed thi 


fourteen dogs lethal doses two had 

convulsions. eight frogs, four had convulsions; two the other 
four displayed great restlessness and 
convulsions were tetanic nature. This fungus apparently contains 
some poison which stimulates the spinal appeared late 


the after the blood-pressure was greatly reduced 


No ditference enists in the susceptibility of do rs and cats to the 


poisons this fungus. 


1° 1 1 


although the experiments were not sufficiently numerous warrant 
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was generally given too late the 
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the 


that Amanita muscaria acts upon the inhibitorv nerve cells 


due other substances varying amounts 


There was great fall 


cardiac inhibition. some experiments the pressure fell low 


one half and even one fifth the normal without cardiac inhibi 


tion; others preceded the slowing 


after the inhibition off. When the vagi were severed 


during the cardiac inhibition after giving the the 


either remained low rose only momentarily and quickly fell again 


During convulsion the pressure rose, but fell soon the con 


vulsion was over. Stimulation the sciatic nerve tailed cause 


any rise pressure although 


heart was accelerated. 


the vaso-dilatation the chief cause 


the fall blood-pressure Amanita phalloides and 


1 


that the vaso-dilatation due paralysis paresis the vaso 


motor centre 


respirations were slower than normal and times 


When death was speedy the respiration stopped 


twenty-five dogs poisoned the intravenous subcutancous 


injection dried Amanita phalloides extracts the fresh fungus, 


vomiting 


iva 


Was 


poisoning Amanita 


Usually coma came late the poisoning, but when 


Was Given rapidly, or in large quantiti Came On Carty al 


twelve frogs were poisoned with different preparations fungi, 


and alcoholic and glycerine extracts the fresh fungi), but con- 
vulsions did not appear single two rabbits 


i 


with fresh Amanita phalloides, given intravenously, convulsions came 


during the rapid fall blood-pressure, but magnesium sulphate 


was then used prevent coagulation the blood these results are 


open to doubt. 


the failure produce convulsions frogs, would 


that this fungus not excite the spinal cells does Amanita 


bulbo 


Amanita verna bulbosa 


only twice and purging once. The secretion 
} 
persisted until death. 
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except that caus the inhibition heart 
this condition not So sel is tl ( 
by this fun rus, atropin hha vers tt pract 
phalloid Va Nn without anv anticdet i} t t t 
experiments were made determine the minima tha 
poisoning three experiment injection 
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periments enacd fatally and th thal vor ! t t ! 
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ing the The suppression urine man 


due the low seems rational procedure, 


1; 
i 


cs 


should conjunction with other 
Boiling solutions Amanita phalloides did not alter 
toxicity. 


ditference their actions. 

Amanita phalloides was extracted per cent NaCl and 
distilled water but there was the action the two 
solutions. 

average dose and alcoholic extracts 
1.110 grams (fresh) per This equivalent 
the dried. The average lethal dose the dried 

this appears that drving does not the 

single experiment etfort was made determine whether 
not there volatile poison the Amanita one 


cent extract the fresh growth was distilled until three-fourths 


the original fluid had passed over. This distillate was 
into dog with ettect. Dr. Arnold kindly repeated this 
periment for me, injecting large quantities the distillate 


and rabbits with effect. may conclude that phal 
loides does not contain volatile 

toxicity the Amanita phalloides appears about 
same that the muscaria, while Amanita verna bul 
bosa, approximately three times 

average doses the dried fungi required kill 
antidote was were follows: 

kilo body weight; for Amanita phalloides (seven experiments 


gram per kilo; with Amanita verna, 0.034 gram 


death usually comes two three days after the ingestion the 


poison and may delayed long animals, thi 


time varies from few hours severa 
periments seemed impossible kill dogs with Amanita muscaria 


did not come the end two three hours the animal was 


q 
q 
q 
7 
| 
kilo 
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killed 
might recover from the early disturban 
spontancously with the 
the effect after the wound was closed 
the kennel. This may occur 
intravenous injection the The 
marked with 


and late effects 


Amanita verna Amanita phalloides. With 


stools, the 


early symptoms and the circulation not 
all cases, however, death comes lat 


alkaloids inorganic poisons unless 


] 


the late 


fixed per cen 


effects Amanita muscaria and 
formalin 
found normal. 
the heart, 
Department 
Amanita phalloides poisoning caused 


blood corpuscles. The this 


The conclusion has probably been based 


the blood seen late the from 


circulation and respiration. 


The blood corpuscles have been counted 


all three the studied and mat 


any the experiments. 


not due destruction the red blood 


blood was examined with the spectroscope 


compound had been formed. 
oxy-hamoglobin were observed 


formed with the many 


Death therefore not due 


(Circular No, 


were made very short time before the deat 

well known that the toxin 
short time unless given overwhelming 
this poison appears somewhat 


of the three toadstool 


studied this paper. 
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FUNCTION 


MACULATA 


recent article! described seve 


functional activity 


therein called attention fact previou 
the body Planarian from which the 
brain, has been removed, is still capable ol $ 


} 


less body of a pianarian reactS more slowly 


stimuli than does that normal 


experiments conducted other 


the function the central nervous systen 


} 


venient, but not always necessary pat 


impulses motor organs. 


n 1s 
the 


previous article showed that ever 
Planaria maculata may exhibit 
light, and give rise specific internal 
that contain part least one the two 
wise such activities take headless 
nerve cord left each piece acts central ner 
new nervous system has been regenerated 
motor takes place only through 

Many the reactions maculata 
the brain we, therefore, cor 
complicated part the central nervous 
specific functions 

grounds one might assume that 
association for the control the more 
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vidual its environment. The most complex activities the 
planarian which could well study isolated individuals were those 
natural hal 


if 


and kept pure water for two weeks will usu- 


ally rendered hung such planarian resting the 


ry. 
side dish may not attracted for some time bit snail 
placed the water near it. But the dish containing the planarian 
brought from the dark into the light the resting planarian will 
commonly aroused into activity. Once motion quickly finds 
the food material. When the swimming crawling animal comes 
within centimetre two bit snail apt turn its head 
the direction this food and proceed toward difficult 
determine the source the impulse which gives rise 
poseful activity. possible that the auricular appendages here 
act delicate organs capable stimulation slight currents the 
water set the minute organisms that prey once upon the 
flesh the dead any rate, after the first planarian has 
found the piece food others are more quickly brought 
spot. 

planarian gently approaches the piece Having 
reached this the animal raises its head and sways and fro 
examine the food. The auricular appendages meanwhile are 
raised and exhibit slight wave-like motion. rule, the planarian 
now crawls upon the piece snail and finally wraps its body about 
small bit its flesh. The pharynx extended and becomes 
attached its distal extremity some the food worm 
often turns about and faces away from the piece snail that 
the pharynx extended full length and direct line with the 
axial gut. seems probable that the mouth the pharynx se- 
cretions are furnished which have powerful digestive action when 
applied animal tissue. Strong planarians often prey upon weak 
ones. such instances the strong individual attaches its pharynx 
somewhere upon the body the weak one, usually near the head. 
flesh the victim seems melt disappears with great 
rapidity into the pharynx. Along the margin the wound the flesh 
turns black. Such scarred pieces are frequently seen where plana 
rians are found. similar way the tissue the snail seems 
dissolve partially the pharyngeal secretions, and then rap 
idly poured into the axial gut and thence into all the intestinal 


brane he 
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this experiment seems fair conclude that the head 


organ necessary for putting the planarian into definite relations with 
its natural food. The headless pieces were experimented with from 
day day until the heads had regenerated. Only after the heads 
were well formed did these pieces behave natural manner toward 


food placed the dish. However, left constantly near food, head- 


less pieces may times consume that with which they accidentally 
come contact. 


the other hand, the simple reflexes extending the pharynx 
and swallowing are preserved after removal the found, 
repeated trials, that one the headless pieces could usually 
made eat was placed its back slide small drop 
water. Under the conditions mentioned the pharynx usually pro- 
truded and will engulf bits food placed the mouth. 


That the loss power recognize food exhibited the headless 
worm not due the pathological action the wound such 
shown the reactions the tailless pieces. 

similar that described above were repeated with 
like results. The normal reactions these worms are best seen 


specimens freshly collected. Loeb pointed the power 
respond stimuli becomes weakened worms long confinement. 

Observations were now made determine how much the plana- 
rian brain necessary for the recognition food. 


Removed. ‘Twelve fasting worms were divided into two lots which were 


treated (1) From six worms separated the end the 


section midway between the eves and the anterior extremity the body 


a-b, Fig. From six worms the anterior portion the head was sepa- 
rated section through the region the eyes, Fig. each dish 


were placed several portions All the planarians Lot ate the 


food within fifteen Lot only one took any notice the food. 


This one after half hour became attached portion 


moval 


and careful examination was found that this piece the section had 


passed front the instead through them. 


this experiment appears that complex reactions, such 


the recognition food, cannot performed planaria unless 


the brain intact far forward the anterior margin the eyes. 
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‘dination unless 


section passing 
this region the worm will 


reacting normally towar 


CONCLUSIONS 
nerve cords and brain constitute the cet 
nity the body removed 
4. lor the more complex reactions of ne mdividual c rain 
must intact far forward the anterior margin the 


TYPE 
ATE 


REACTION 
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THOMAS 


By B. OSBORN 


time ago, paper Some Definite Compounds Pro- 
tein called attention the basic properties protein 
substances and showed that preparations the crystalline globulin 
edestin, usually obtained from the hemp-seed, are mixtures salts, 
chiefly hydrochlorates and The nature this combined 
acid depends upon the salts present the solution the time pre- 
cipitation, the acid the seed enable some each 
the acids these salts combine with the protein. 

These facts led examine the precipitate produced carbonic 
acid, dilute sodium chloride solution edestin, seemed pos 
sible that this might consist chiefly hydrochlorate. 

quantity relatively preparation edestin, which had 
been several times recrystallized warm dilute sodium chloride 


tly neutral 


solution cooling, was suspended water and made 
phenol phthalein decinormal potassium hydrate The 
edestin thus neutralized was washed with water and dissolved 
sodium chloride brine. ‘The solution was diluted with water until 
became turbid and carbonic acid gas was passed through 
until the edestin appeared precipitated. This was 
iltered out, thoroughly with one per cent sodium chloride 
solution and then with fifty cent alcohol, until chlorine could 
detected the washings, dehydrated with absolute alcohol and 
dried over sulphuric acid. The substance thus prepared, while in- 
soluble dilute sodium chloride solution, was largely soluble pure 
water, well strong sodium chloride brine, yielding solutions 
acid litmus and phenol phthalein. ‘To neutralize one gram 
the latter 1.9 c.c. decinormal potassium hydrate solution 


was required. grams this preparation were treated with 


4 
4 
4 
q 
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solution, 


separated comp 


with 


results: 


The inorganic 


The 

chloride, So 

covered 
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protein. 
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the carboni 
both 
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THE EFFECTS COMPLETE REMOVAL THE 
SUPRARENAL GLANDS. 


recent issue this Journal published preliminary account 

certain experiments the effects the entire removal the 
suprarenal bodies the have since completed that 
experiments, and have added four experiments like nature per- 
formed upon 

previous communication referred chiefly extensive ante- 
mortem clotting which was found three cases the heart and 
great experimentation has shown that ante-mortem 
clotting not invariable result suprarenal removal, but that 
death may occur far observable solely from the absence the 
noteworthy that each the three cases which 
ante-mortem clotting was observed, death ensued fairly rapidly 
removal the second gland, the longest interval 
thirty-three hours. There was sepsis any the three cases, 
nor clotting the cava near the seat the operation, and hence 
are inclined believe that the thrombosis was due absence 
the suprarenal and probably arose secondarily the condition the 
circulatory system brought about absence the 


tion. the other animals, which thrombosis did not occur, 


obtained some cases longer survival and hence better clinical 


picture the condition resulting from complete suprarenal removal. 


UPON 


operated upon fifteen cats, seven which survived sufficiently 
long recover from the and the immediate surgical shock 
the second operation, and think that death was not due, any 
the seven cases, surgical shock sepsis, fact any other 


cause than absence the suprarenals. ‘The animal each case re- 


covered completely from the intoxication the moved 


about the room, purred upon being stroked, and most cases drank 


4 
4 
q 
fi 


peritonitis 

operative 

1 

absence 

three the 

secondary suprarenal 
the suprarenals had 


we find any accessory 


trophy the 


was generally 
were usu see 
urine the animals and 
were examined for the suprarenal 
these extracts were also tested physiologically 
active suprarenal substance, 
that autotoxica 


remov: 


4 
milk Che intervals between the removal the first and the 
} . . 
- land varied in the ditterent cases trom twenty } \ rhe i 
and so tar as co 1 be observed, compilete re very I a 
take nlace thea nerat nerf } 
aken piace DCTOTS He seconad Operation Wa | 
our four latest experiments the animals were serve 
Gay and night aijttet ne second opera n i i tt ¢ 
respiration and other svmptoms were noted 
Phe periods of Survival Were as three under twent 
one twenty-four one tor thirty 
condition found; nor was there any ] t 
otner adiscoverabie ( | 
i giands; unless the cardia rom sn 
such, and this sider also 
eficiency. was every case found that 
removed,’ and the side first 
nitiitare cland canla he } ri, | | rt mu ‘ 
nd in two experiments 
r the preset of the 
and hence confirms the view that they creted 
the 
ne evidence Which we had Obtain as Hypertl I 
were first three animals the 
plished The operatio was 
animals were observed till Out 1O Whe t re ! t 
thetic and moved about and irred Th not 
; the night and in each ca vere fe d dead the ‘ ! n 
issumed the osition, and there 
men to pressut 


remaining gland has been confirmed the later experiments, 


aD 


removal 


the second gland 

first the animals appear quite normal after the operation. 
They move about the room and are able drink. thermometer 
usually shows certain amount pyrexia for few hours, but there 

The animals later develop muscular asthenia; they 


about unless disturbed and then they soon lie down again 


condition increases the time advances. 
The respiratory rhythm usually becomes markedly increased,! 


some cases more than treble the normal rate. The respiration 


becomes irregular, and the end death takes place from respiratory 


failure, the heart continuing beat for from one four minutes after 


the respirations have ceased. 

one three hours before death twitchings 
appear all over the body. They are somewhat rhythmical, many 
ninety per minute having been observed. The twitchings can 
called forth reflexly touching the skin when they are less frequent. 
times they seem connected with the inspiratory phase, 
although they not occur during every inspiration when they first 
appear. The spasms are first clonic but afterwards they tend 
become tetanic, probably from increased frequency, and the animal 


usually dies tetanic convulsion, The clonic contractiens appear 
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Moore and Purinton. 


the respirations have almost ceased except for spasmodic inspiratory efforts 


clonic spasm hind limbs heart beating 7.24 respiration 


Nave ct ised, the heart beat for a period of one minute and a half long 


GOATS. 


These experiments were performed 
about twelve months old from which the mammary glands had been 
removed some months previously connection with other work, and 
upon two kids born from these the was found that 
complete removal the suprarenals the goat not necessarily 
fatal, and that where fatal the period survival after removal the 
second gland longer than the the clonic spasms 
which were conspicuous symptom cats dying 
removal were entirely absent the goats, which succumbed the 
second removal. But the goat, the cat, extreme musculat 
weakness and very rapid and shallow respiration were prominent 
symptoms. 

statements are supported the following extracts from the 


Experiment kid left suprarenal removed April 26, 
hours atter birth. Weight gland, 0.137 weight animal, 
animal recovered rapidly from the operation, was afterwards fed regularly 

} } +t! ind be ve nartioal] t tinnre 


second operation. 

right suprarenal was removed June 1g, 12.45 (interval betwe 
operations thirty-four days) weight gland, gm.; weight animal 
4.5. animal rapidly recovered from and operative 
and walked about the room a few hours after the operath 
milk the next morning (June 20) 7.15 


also ate considerable amount was fed again 11.30 


drank ozs. milk. 


The t nD rature was taken as follows, after the operation ] Inc 1g. I $5 


21, the 


After @ A. M., J ne 


would not move unless forced The respiration became very 


q 
rap and the hear slow and Garaduaily the animal became more 
q 
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the animal lay down aga 
the next morning 
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also at co aera mnt ord ¥, 
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4 te 7 i} t icy le thy rate >> PM tw 1 row 
Thin ADOUT COU rat i Was 7 per minute, 
and a 3.3 P.M } Was Observed b dead. th OCCUurrea Very 
4 quietly; although we were sitting eside the animal and had counted the res q 
pirations few minutes before, did observe that was 
shows that there could have been muscular struggle. 
fortv-nine hours 1 
o suprarenals or accessories, nO chromogen in urine or tissues ; heart apparently 
enlarged and full of blood on both sides > no ante-mortem Clotting lanes nor- 
assizhnable Cause of CGeath, suprarcnal removal. 
recovery, ate hay next morning and was sent out feed until second 
Operation. 
F stlprarenar removed ine (interval twenty-seven Gays), al 345 
Animal recovered rapidly from the and walked about the 
this temperature during next dav and animal had norn 
appetite the three four days the operation but was somewhat 
eating and evidently was weak especially the hind limbs and could only 
with an etiort. Phe respiration was more raq de and shallow, and this condition 
became exaggerated after muscular making the animal take 
few Increased the respiration to over 60 per mintte. his cond 
became more marked, and June 27, when the animal was una 
$5 to stand it was given a subcutaneous injection of 1o ¢.c. of a strong extract of 
ox-suprarenal, which, produced noticeable was next 
amined June 28. and was then tound dead, with and 
neck the position rigor mot strongly developed. 
post-mortem examination made June showed that rigor had 
com disappeared. wounds the peritoneal were 
ath 
peritoneum, On th first rated th Tre was as nall cCaseous 
two centimetres diameter, and enclosed completely cap 
operation, and was completely shut off its fibrous tissue and 
from the peritoneal not believe can respon 
sible tor the death the from the temperature before death, 
qd Not appear to De any generar and we ay to Think 
that death must have been due absence the 
suprarenals accessories were found. tissues and urine contained 
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CONCLUSIONS, 


Complete suprarenal removal the cat has 
ments been followed fatal result, the longest period survival 
being just under five days. 

three out seven experiments, extensive ante-mortem clot- 
ting the right heart, superior vena cava, pulmonary artery has 
been found, and these cases the duration life has been shorter 
than those which such clots were 

The chief symptoms observed the cat after complete supra 
renal removal were muscular weakness followed extremely rapid, 
shallow, and irregular respiration, accompanied rapid clonic mus 
cular contractions affecting the whole system skeletal muscles. 

Death took place from respiratory failure those cases which 
was observed, the heart continuing beat for some time after 
respiration had ceased. 

Removal both suprarenals the goat caused death only 
three out four cases. 

The average period survival the three goats which suc- 
cumbed was much longer than that the cats. 

contractions were observed the goat any period 
after suprarenal removal, the chief symptoms this animal, the 
three fatal cases, being extreme muscular weakness and rapid, shallow 


respiration, 
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their paper the excretion kynurenic acid, 
110: about by lasting, or the ingestion of protecid { 1 
quantities largely excess the needs the body, 
servers also noted that, 
tbrium, the rit 
recently some ot Mend ind Ja 1 
and (3) when proteid catabolism was 
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tellurous oxide, substance which not only 

imulation proteid catabolism, but likewise induces 

days, normal conditions were present once more and equilibrium 
restored. 

the morning the second day the dosage period, when the 
amount tellurous oxide was administered (0.5 gm. with 
the morning meal), all the food given with was vomited immedi- 
ately. The second half the daily portion food was vomited 
the evening also, that food was retained that 
following day twice the usual amount food was All 
was eaten and For the remainder the dosage period 
gastric disturbances were induced and nitrogenous equilibrium was 
restored. 

experimental this connection are given herewith 
the table the opposite page. 


Nitrogen was determined the process; uric acid with 


acid with methods. Uric acid was 


determined combined urines, which were preserved with powdered 


thymol; the figures the tables were recorded the last days 


each separate combination, The nitrogen the daily food was 
The nitrogen balance” includes the nitrogen 
the faces and hair. the vomit 

(10.335 gms.) was subtracted from the ingested 

period striking the balance. total nitrogen the 
the three periods was 2.374, and gms., 
the cast off hair was 1.054, 1.232 and 1.184 amount 
tellurous oxide given the first day the dosage period was 0.5 


gm., the second, gm.; each the third and fourth, 0.25 
during the remainder the period, gm. per 


determined the Jaffe-Stokvis was present the urine each 


period 
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4 
z trogen in the vomit slightly excceded that of the daily food, 
showing that none the latter had been The excess nitrogen the 
fi vomit came from gastric mucus. 
results were presented informally the last annual meeting the 
' 
American Physiologic Society 
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The results this experiment agree entirely with those obtained 


Mendel and will seen from the table that, except 


ing traces the very beginning the experiment when the dog was 
about enter into equilibrium, kynurenic acid was only 
during the second period and then only the days when the physio- 
logical balance was upset the circumstances attending tellurium 


dosage. When the animal drew upon its own store 


certainly did the day vomiting, kynurenic acid small quantity 
was excreted for the first time. the following day, when fed 
more than enough satisfy its immediate needs, kynurenic acid was 
again eliminated. the two succeeding days excretion kynurenic 
acid continued but failed appear when equilibrium was restored. 

the dog was almost perfect nitrogenous balance during the 
second half the dosage period (five days), when, with the exception 
the trace the thirteenth day, kynurenic acid was eliminated, 
evident from the following summary: 


Nitrogen 


rete 


19 370 


49.270 


O.080 


these figures also clear that the increased nitrogenous 
catabolism, represented 3.079 nitrogen (the “total 
gen occurred the first half the period, during four 
days which kynurenic acid was eliminated appreciable quantity. 
results indicate, further, that when nitrogenous equilibrium 
completely upset vomiting, may sometimes quickly restored 
proper quantitative feeding. 

seems worthy note, this connection, that intestinal putre 
faction, indicated the constant presence the urine, 
was normal throughout the This, since kynurenic acid 
was excreted only when metabolism was disturbed, suggests, 


course, that formation this substance may occur independently 


putrefactive changes the certainly may entirely 
absent when putrefaction quite marked. 


juantitative elimination Of each was Constant CGatlyv, so that the 


unouUunts are almost exact 


See MENDEL and SCHNEIDER 
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FROG DEPENDENT UPON SITU 


ANNE MOORE. 
La 


frog will beat normally for many hours excised and placed 
certain salt solutions. The most efficacious solutions were found 


NaC] 
100 ¢ 


100 


kept favorable temperature hearts placed these 
solutions continue contract from twenty-four sixty-seven hours 
Aside from its relations the effects ions upon rhythmical 


frog have 


contractions, the fact interest from another point 


many years the contractions the lymph hearts 
been supposed depend entirely upon the action automatic nerve 
centres situated the spinal cord. This idea arose trom the 
vation made that the spinal cord destroyed 
two spots the cord the region the sixth and eighth ver- 
are injured, the hearts stop beating. the basis this 
observation was assumed the existence centres located 

spinal found, however, that after the lymph 
hearts frog whose spinal cotd had been destroyed might begin 
beat again. This was out harmony with the idea that control- 
ling automatic centres are present the cord, and was difficult 
explain. According Volkmann, there are three suppositions which 
may account for the normal contractions the hearts: 
their contraction may independent nerves; (2) 
automatic centres may exist the hearts themselves; (3) auto 
matic centres may exist the spinal The first these suppo- 
sitions was not seriously considered either Volkmann other 

ANNE: This journal. 
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and then begin 


IS Gestroyeac, this 
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the cord eftectively disproved pres 
to the 1dea that automatic centres exist 1 he or nth ‘ 
the third and vertebra held that the 
r the separation of the Ivmph hearts fron tie 
character from the original 
heal their o urrence Dy attributin to nerve 1 { 
powel 
Goltz” and with this the 
tormed by Goltz, the tenth spinal nerve of a trow was severed o1 ar 
The posterior ymph Heart on sla SLOP pe for a time 
4 + + ] ] 
later resumed beating. The was kept alive and week 
ward the spinal cord was destroyed Phe other three hearts 
Dealing, The first continued to beat even whe removed 
considered direct proof that the moti 
upon the spinal cord the case wit 
the thoracic heart, Goltz that tapping the intestine the 
such). the cord not produce 
this Goltz concluded: (1) that nervous motor organ present 
the hearts; (2) that a constantly active inhibitory centre , pre 
pulses the abdominal viscera through 
to the thence through the fibres in the Ss] ! t 
the and others confirmed ese 
accepts the first conciusion and ik ites a motor or im dt 
centre in the region of the eight rt ! 
Centra itt ful ! ! ‘ \W en 
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ganglion cells which succeeded finding the pigment speck 
near the heart. asserts that this speck removed the 
ganglia destroyed, normal contractions cease and not return 

Kecently has expressed the opinion that the pulsa- 
tions the caudal heart discovered him the hag fish are de- 
pendent upon automatic centre the spinal bases his 
belief upon the fact that destruction the cord causes cessation 
beats which states are not resumed. 

own observations show that: 

(1) with the statements other observers, the 
lymph hearts stop beating for after destruction the spinal 
cord. This not surprising, but the fact does not prove that the 
hearts are dependent upon centres the spinal cord 
power beat unfortunate that the word centre 
should bound with the idea causal relation. Loeb* points 
out that spinal cord centre merely the anatomical location the 
origin fibres supplying the organ de- 
stroying such centres naturally modifies the activity the organ 

(2) lymph hearts possess the power beating automati 


some the authors mentioned were not able convince 


themselves the fact may attributed their failure surround 


the heart the right solution. the lymph heart capable 
automatic activity the thoracic heart, there more reason for 
assuming that the activity the lymph heart depends upon centres 
situated the spinal cord than there for assuming the dependence 


the blood heart upon such centre. 
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OBSERVATIONS THE CHANGES 
SURE DURING SLEEP 


BRUSH, AND FAYERWEATHER. 
Laborateoy 


ITH the view ascertaining the changes which occur the 


leep al 


blood-pressure man during the period normal 
series observations was made, the results which 
described. The results obtained give curves which agree 


their main points that feel presenting them 


representing the general character the course the arterial 


sure the normal sleep healthy individual, the pressure bein 
measured the arteries the right hand. 

Many observations blood-pressure have been made different 
investigators with various forms apparatus and under different con 
ditions the body. Some these observations were made during 
sleep, but reference has been found literature any series 
records that were taken during the whole period normal sleep 

gives one reference experiment made him, 
which record was taken the subject before going sleep and 
another while sleeping. gives the pressure mm. while 
the subject was awake and states that the record made during sleep 
showed small lowering pressure, but gives 
apparatus used him was 

working with the Hill-Barnard sphygmometer, 
the effect sleep upon the blood-pressure, but speaks making 
only one observation during period 
which are the averages large number observations, show fall 
mm. within hour and half after going sleep and then 
further fall mm. the record taken immediately after awak 
ing, the subject being engaged mental work. curve given. 
His results contradict those obtained the 
which every case show that the pressure after awaking much 
10-24 mm. higher than before going sleep 


Hut Journal of plry Oloey. 


the 
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also working with instrument, has determined 


the diurnal curve pressure under two different conditions, one, 


which the hours his meals were arranged that all vaso-motor 


changes due digestion off before the records were 


taken; and second, which the meals were taken the regular 


hours. each case the observations were made intervals half 


makes reference, however, the time that 


between his sleep and the time taking the records, 
Von Wagner? has taken records with tonometer 
sleeping patients, chiefly paralytics and epileptics. that 


the record after awaking showed increased pressure 20-30 mm. 


and one case increase the latter case paral- 
dehyde had been administered the patient before going sleep. 


None his records was made healthy subjects. 
using his modification Mosso’s apparatus, made 
series records subject during hypnotic 


sleep, the period sleep lasting from three five hours. ob- 


servations were made intervals fifteen minutes. The resulting 


curves were combined into one average curve, the general course 


which was horizontal the time awaking, when marked 


increase pressure took place. 


APPARATUS AND METHODS. 


the present experiments some difficulty was first experienced 
getting the subject Toward the end, however, 


the persons experimented upon became accustomed the new 


conditions there was little, amy the first experiments 


Mosso’s sphygmomanometer, designed for use with the fingers, 


was instrumeat constructed the principle that 
the pulsations the arteries exhibit their greatest amplitude when 


the mean pressure the arteries counterbalanced 


pressure the outside. apparatus was constructed after the 
model described the only difference being certain minor 


points, especially the placing the fingers the metal 


this latter purpose thin rubber finger cots were used. These were 


696. 
This journal, 1goo, iv, 124. 
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inserted into the metal tubes and their ends were over 
outside the tubes, the latter being protected heavy 
bands, prevent the metal edges from tearing the cot 
stoppers were then cut out fit rted 
the finger cots they lay the metal tubs addition, metal 
guards were screwed down against the edges the rubber stopper 


prevent them forced outward when 


inside the tubes was The fingers were inserted 
the metal guards and the rubber stoppers far 
the second phalangeal rubber stopper rings fitted snugly 
the fingers and the hand was kept position 

similar those described Mosso, which against 


back the The subject slept his back with the sphy 


momanometer resting his abdomen the discomfort 
caused having both hands rigidly fixed, was very and 
consequently easily awakened any slight The apparatu 
also offered large error, inasmuch the sleeper could 
change the level zero pressure drawing the apparatus upward 


encountered was steady decrease the amplitude 
amplitude was small that was impossible determine the level 
which the maximum excursion the needle was obtained. 


order that the sleeper might rest quictly, Walden 


only one hand consists two glass tubes, about 
cm. diameter and long, drawn out one end 


cots are placed the large ends and the other ends are connected 


the tube connected with the pressure reservoir, the other end 


from the possessed advantage over the other instru 


ment that the sleeper rested more movements did 
factory because toward amplitude the 
becam small that determination arterial Was not 
possible. lo prove that the decrea Wil not due to mechanical 
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occlusion the from having the hand the apparatus 
time, the subject awaking put his other hand 
apparatus. failed give any greater amplitude, 
the decrease was referable some the peripheral blood 
vessels difficulty seems the fact that 
hese forms apparatus which the pulse measured the ends 
the fingers are dealing with small arteries which probably 
participate directly the vaso-motor changes. these 
begin constrict toward morning, seems probable from these and 
other experiments, the result would diminished amplitude 
pulsation for two because the increased tone may give 
less extensible wall, and second, because the pulse would measured 
more the capillary side the peripheral resistance, and would 
therefore actually diminished force. would fact, that 
the finger sphygmomanometer cannot used determine varia 
tions pressure which the finger arteries themselves 
participate, owing the fact that during vaso-constriction 
vessels the pressure measured would not true index the gen 
eral arterial pressure. While the latter was rising the finger mano 


meter might indicate fall, owing the fact that the pressure was 


being measured the capillary side the resistance. 

After sutficient number trials two subjects prove 
these two forms sphygmomanometer for the work 
question, was decided use some modification which 


record could obtained from the larger arteries the hand and 


holding the hand and lower part the forearm, arranging how 
ever act sphygmomanometer which the pressure could 
raised lowered will and the pulsations and pressure 


thick-walled cylinder about cm. long, with 
diameter about cm., open one end admit the hand and 
wrist which are there manner soon described. The 
other end drawn out into short neck which inserted 

this stopper brass tube (A) passes into the 
interior the prevents its entering beyond 
certain inner end the tube threaded, and this 
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wire bent into the shape 
screwed tightly the tube, the 
press against the neck the cylinder, into which they 


pass, and they hold the rubber stopper 


the flange beyond the stopper prevents the tube from 


Fastened this piece brass wire are two rubber rin 
admit finger. When the subject put 


passes finger through each these rings 


finger, pushes his arm until his closed fist rests against 


rings during sleep nor can his arm 


when the external pressure the hand 


retaining the arm within the 
fortable the subject than the 
Shield ind by How { this 
outer end the brass tub nect 
lead or inelastic tbb tubin lea to 
into Which rubber 
I) oy 


hen the nut 
the bras Wit 
are too 
the apparatu 
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short brass tubing (B) which communicates with pressure 


flask swung from pulley the ceiling. The bottle, filled with 


constitutes the head pressure, which varied adjusting 


the bottle different During actual observation the 


pulse the tube from this bottle shut off pinchcock prevent 


pulse from the expansion the rubber tubing. 


cm. from the large end the cylinder, the 
/ > ] 


face, still another neck (C) which rubber stopper and short 


glass tube are similarly thisa rubber tube passes into 


for waste water. When not use, this tube shut off 


pinchcock its point union with the glass means 


lass stopcock the tube connected with the manometer, the com- 


munication the latter with the may shut off, and water 


may passed from the reservoir through the out 


through the waste done filling the cylinder and also 


whenever necessary raise the temperature the cylinder 


fresh supply warm water. 


The cylinder hung from the ceiling chain passing over 


pulley and adjusted height for the 


hand and arm are introduced into this glass cylinder such way 


held rigidly and without leakage when the pressure the cylin- 


der raised means the pressure accomplish this 


comfortably fitting sleeve thick rubber dam (1) drawn over the 


forearm from the wrist-joint upwards for about thin rubber 


(2) with long gauntlet then fitted the hand and the 


gauntlet pulled the arm lie over the rubber 


sleeve rubber dam (3), the same length the first 


but slightly larger diameter, then drawn over the 


method using glove work the same 


that described Walden the paper referred above. has 


proved very convenient, and does away with one the most serious 


through hard-rubber ring which completely fills the mouth 


the cylinder and fits comfortably around the forearm. Two fingers 


are passed through the rubber rings the opposite end the plethys- 


mograph, and the hard-rubber ring the wrist pressed firmly into 
place that flush with the mouth the cylinder. The two 
sleeves rubber dam with the gauntlet between them are then re- 


over the edges the cylinder upon its outer surface (see 


1 
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but two collars, such were used Shields 
further secure them. The larger these 
bands, and pressing them tirmly against the raised 
mouth the The other collar lik 
the forearm the bands against 
order that this pressure may 
with two small brass rings, one cach side, 

brass uprights projecting from the 
threaded and nuts are screwed them meat 
second collar may drawn firmly against the end 
For sphygmomanometric work was found neces 
small space between this collar and the forearm wit 
prevent distention the retlected bands when 
was 

The hand being thus adjusted, the subject 
able level, the being supported sling atta 
which holds the The manometer, 
and other apparatus stand low table beside 
tion with the manometer shut off the 
run through the cylinder, the air passing out thi 
When all the driven out, the waste tub 
water run through the outlet leading the 
essential for obtaining good pulse record 
pulse wave will now shown the 
shown that best keep the 

care was taken these experiments 
sleeper any way. Woollen shoes were worn 
curtain was interposed between the cot and the tabl 

the later observations, from which 
report d were obtained, the subject alwavs refrain 
smoking for least two hours the experiment 
readings was made with the subject sitting 
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being the level which was kept during the sec- 
was recorded about fifteen minutes after the subject lay 
down, while was yet awake. During the night series readings 
was taken every half hour rule, and after each observation warm 
water was run through the cylinder. cach observation the pres- 
sure was gradually raised and successive readings the pulse were 
taken each change until maximum amplitude the pulse was 
obtained, and further increase pressure produced decrease 
the excursion the recording needle. After each change external 
pressure interval 10-15 seconds was permitted allow- 
ing the pulse accommodate itself the new the later 
experiments readings were made only while the pressure rose, 
was found that prolonged pressure was liable make the subject 
restless, awake him. Whenever the subject awakened, made 
the fact known, and the observer was the room the time the 
hour awaking was the experiments, however, 
Was comparatively seldom that the subject awoke during observa- 
tions, While the ability sleep quickly was marked that 
difficulty was often found keeping him awake for the two 
his awaking the morning his pulse was recorded 
when was the reclining position, and 


after sat up. 


general character the results obtained 
Fig. 2, which IVES the plotted curves for the three best records ob- 
tained. The legend this figure explains the curves with sufficient 
clearness, and attention may directed once the points 
experiment the observation with the 
the sitting posture, and the second observation after lay down 
but while still This change from the sitting the reclining 
position and the reverse change the end the experiment 
accompanied considerable change arterial pressure 
measured the wrist arteries. difference averaged about 
mm. mercury and seems probable that was due mainly 
the hydrostatic influence the column blood the pendent arm 
while the sitting position. down, still further fall 
pressure upon going exact amount this 


difference between the sleeping and waking condition 


q 
7 
7 
| 
: q 


Cy 7) 2) lo VS 207% 7 S cof 
accounted for, part least, the fact that 

wide awake, others drowsy and kept awal 
( t 


Y 


100 


I er t 
\ W 
t t 
( rve I l x t i it t 
| ! I 
( III I rves t vit 
i tw tw 
also uncertain whether the first observation made after the sub 
ject had gone sleep invariably coincided with the point lowest 
pressure. The general remains, however, that 
sleep the pressure falls certain minimum, which 
time within the first After this the pressure rise 
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The plotted curves show somewhat rhythmic rise fall, but 
the periods rising pressure are always the longer, that 
case does the pressure fall low during the first hour, and the 
curve rises steadily. Toward morning the period these 
alternations pressure becomes larger and the variations smaller, 
resulting less broken rise the The first 
corded after awaking the morning higher every case than 
that noted any time during the night, and invariably higher 
than the corresponding pressure recorded before sleep began, the 
subject being the reclining position. the evening, the 
change from reclining sitting posture has marked effect upon 
the pressure. The fall pressure passing from the waking 
the sleeping state has already been noted. the morning, the 
change from sleep wakefulness always accompanied rise 
series records, this fall and rise are very nearly, 
not quite, equal complete records through- 
out the night could obtained from observations made with the 
first two forms apparatus used, owing the difficulties already 
described, the curves the first part these records closely agree 


with those under 

The amplitude the pulse wave shows marked 
decrease throughout the night, but the curve frequently interrupted 
temporary changes the opposite direction, These, however, 
are not degree. considerable decrease amplitude 
almost always accompanies the fall pressure the change from 


reclining the beginning the records. The greatest 


amplitude almost all the records appears the first series 


readings, the next greatest the second series, that is, while the 
subject awake but all other cases these variations 
show constant relation those the morning 
the amplitude generally increases with the change from the reclining 
the sitting posture. 

comparing these curves pressure with the results obtained 
Howell! for the changes the volume the arm will ob- 
served that curves the point greatest 
was reached from one one and after sleep began, and 
that the present curves the point lowest pressure reached 


within the first hour after the beginning 
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periods rise and fall the pressure curves 

the rhythmic, secondary waves noted 
mographic curves; but whether 
relation between them have not attempt 
gradual rise arterial pressure noted our 
general way with the diminishing volume 
Howell, although the rise curves 
promptly than 

the pressure curves recorded are 
intensity sleep, they are found agree 
the first half the period this 


decreases and the latter increases regularly 


tensity sleep and the arterial pressure 


awaking. The intensity sleep 
hour, the time that the blood-press 
point. this respect the present curves not 


curves intensity sleep obtained Monninghott and 


Our conclusions and results may briefly 

the method maximal amplitude 
late evening than the early morning, when the 
(posture) are nearly similar 

The blood-pressure the wrist arterics fall 


mercury when the subject passes from sitting 


tion, the actual height the hand remaining the same 


This fall mainly referable the hydrostatic effect 
blood the pendent arm. 

and then gradually rises the time awakin 
not regular, but broken long waves, although 
tendency the pressure toward steady 
the morning the arterial pressure greater than 
when the pressure measured the same (reclinin 

With reference the bearing these observati 
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rics sleep, important emphasize the fact that the rise 
pressure awaking not sudden. the culmination 
increase that begins appear within hour two after sleep has 
begun. This fact would seem indicate progressive vaso-con- 


striction occurring during most the period sleep, and this 


extent harmony with the so-called vaso-motor theories 
sleep. 

desire thank Dr. Howell and Dr. Dawson for frequent 
suggestions that have made our work easier and our results more 


accurate. 
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Summary 


the present paper have embodied the results several 
periments, performed chiefly upon Amphipods during the past 
summer Weod’s Hole, The experiments were undertaken 
primarily order throw light two questions, the mechanism 
the phototactic response, and the cause reversal the sense 
phototaxis. little light has, perhaps, been gained regarding the 
first question; but, while some the conditions that bring about 
reversal phototaxis have been ascertained, the facts discovered 
render the second problem somewhat more difficult than seemed 


before. 


PHOTOTAXIS THE AQUATIC GAMMARIDEA. 


seems general rule that the aquatic Gammaridea are 
negatively phototactic. This was uniformly the case the follow 
ing species which comprise the forms with which have experi 
mented Corophium cylindricum Maera laevis 


irrorara (Say), Hyale littoralis (Stimpson), 


(Kroyer), Gammarus mucronatus (Say), 
Melita nitida (Smith), Calliopius (Zaddach), 
(Smith), Autonoe sp. (Smith), Cerapus minax (Smith), 
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maculata longimana (Smith), sp., 
Hyalella dentata (Smith), Microdeutopus grandimanus (Bruz.), 
unidentified, probably new species Jassa, and new species, not 
genus, Calliopidae. 

exposed the light they immediately swim the side furthest from 
the source illumination. the dish turned they soon swim back 
the otherend. lamplight they may driven any side the 
dish moving the single individual watched will 
seen struggle for time, move away from the light; will then 
rest, for longer shorter period, only resume its struggle later. 
containing numerous specimens Gammarus locusta, which 
were taken from fresh-water pond near Falmouth where they had 
become acclimated, was noticed that individuals suddenly left the 
Ceratophyllum that was kept the water and swam quickly the 
negative end the dish, where they darted actively about for while 
the endeavor get away from the light; when apparently 
chance movement brought them contact with the Ceratophyllum 
again, they would remain. there were objects the dish that 
appealed the thigmotactic proclivities the animals the majority 
were found the negative end throughout the day; there were 
such objects, however, the creatures were brought contact with 
them their random excursions, and here they remained until the 
phototactic impulse again drove them the dish Gammarus 
locusta there was one group the negative end and another the 
Ceratophyllum, and individuals continually passed back and forth 
from one the other. 


PHOTOTAXIS THE TERRESTRIAL AMPHIPODS. 


The behavior towards light the terrestrial 
which have experimented stands marked contrast that the 
aquatic species. The three species studied, Talorchestia longicornis, 
Orchestia agilis, and Orchestia palustris are all positive under ordi- 
nary conditions. European species Orchestia whose specific 
name was not mentioned was found Delle Valle! strongly 
positive. seems the rule that positive phototaxis prevails 
among the terrestrial amphipods, just negative phototaxis prevails 


VALLE: Fauna and Flora des Golfes von Neapel, Monographie, 
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among the aquatic forms. The three species studied differ consider- 


ably their reactions light and will separately described. 
Talorchestia species very common near 
Hole, especially sandy During the day lies buried 
the sand, generally little above high tide mark, but never where the 
sand very commonly inhabits places where the sand dry 
the surface, but moist (not wet) inch two below Its places 
concealment are indicated holes the sand. When dug out 
Talorchestias are usually sluggish and often curl and 
motionless like many insects that exhibit the so-called death-feigning 
instinct. Sometimes they make few jumps the endeavor 


escape, and then burrow the placed the sand they 


invariably burrow into and remain night they come out 


feed, and may found large numbers actively running 
seaweeds recently washed the waves. 

The eyesight Talorchestias exceedingly good, they can 
detect person the dark several yards away. The observer must 
crawl carefully these animals order study their habits 
When alarmed they make for their burrows, which they can detect 
distance several inches. Their alertness night shows marked 
contrast their dazed and stupefied condition when dug out the 
daytime. placed their midst they are attracted 
large numbers. When walking about over the seaweed individuals 
may seen stop soon they are affected the light They 
quickly turn and face the lantern, and then make straight towards 
it, either walking series leaps. have often made 
specimens brought into the laboratory night follow lamp carried 
about the room. 

When specimens Talorchestia are placed dish near 
window they move quickly toward the light, many jumping vigorously 
against the side the dish, others trying the 
the dish turned about, they all scamper quickly toward the light 
again. The response marked that the creatures seem 
seized some mad impulse. responsiveness continues spite 
long exposure, they persist making efforts towards the 
light during the whole For definiteness, and dura- 
tion response lig 


ght probably unexcelled any 
other known animal. 
very weak light sufficient elicit marked positive response 
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light would cause change the sense phototaxis known 
many forms, but was found that the stronger the light the 
more marked, anything, was the positive response. When Talor- 
chestias are exposed direct sunlight, direct sunlight reinforced 
light reflected into the dish mirror, they walk hop the 
positive end the dish and struggle there until overcome the heat 
the sun. containing left exposed very 
long direct sunlight the specimens will found dead the end 
the dish turned toward the sun. 

Yet notwithstanding its marked almost violent positive photo- 
taxis, Talorchestia generally comes rest shady spots. may 
seem first somewhat singular that animal should positively 
phototactic and still evince tendency keep the shade, but there 
really contradiction this. same combination traits is, 
believe, not uncommon among other animals. When put into 
inclosure with objects casting small amount shade Talorchestias 
will found show strong tendency collect the shaded 
instead the lighter side the objects. Often they come out and 
toward the source light; but they again happen into shaded 
retreat they are very likely remain come rest 
shaded places apparently because there they are less stimulated. 
The effect light force them into activity, and compel 
them towards the source illumination. Where there 
respite from this stimulus they remain relatively quiet. The animals 
not the positive end the dish order get from darker 
into lighter area; they will this end when made 
somewhat darker than the other colored glass; Loeb has shown 
similar reaction several other animals that are positively phototactic. 
The behavior Talorchestias naturally produces the impression that 
they prefer rest quietly the shade but are drawn out the 
phototactic impulse apparently against their_will and set going 
the direction the rays light. 

Orchestia agilis. agilis may said normally 
positively phototactic, but under certain circumstances may become 
strongly negative. not entirely nocturnal animal its habits, 
like Talorchestia. keeps away from the light during the day under 
damp masses seaweed the beach, where occurs countless 
numbers. turning over mass seaweed hundreds these 
creatures may generally seen hopping very lively manner 
all directions. experiments this species have dealt with 
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obtain specimens any desired 


short time after the Orchestias are collected 


their behavior light far from uniform. specimens are col- 
lected oblong glass and exposed once the sunlight 
number will found jumping towards the light, while most 
others will jumping away from it. 


Comparatively few will found 
between the two ends the dish. proportion specimens 


the two ends lots collected different times was found 


variable, the majority being sometimes positive and sometimes nega 
tive. either case the specimens the negative end 
come over the positive end, and, the course about 
hour, all the specimens become strongly positive and remain 

specimens are collected the morning they will remain positive all 
the rest the The effect strong light was tricd 
orchestia, and was found that had not the least tendency make 


the specimens negative. Specimens the direct 


positive long they retain life, going towards the light long 
they have strength enough crawl. specimens recently taken 
from under seaweed exposed direct sunlight those that were 
first negative become positive very quickly. other specimens 
taken the same time and place exposed less intense light 
from north window the transformation will much 
either case, the intensity the light remain the same, 
mens, after becoming positive, remain all the rest the day, 
(if exposed strong sunlight) until overcome the heat. 
The fact that many specimens after being taken from under the 
seaweed are, for short time, negative, suggested the view that the 
animals are rendered negative being kept 
the seaweed some specimens may not exposed light all, and 
others exposed varying circumstances which may 
count, great measure, for the varying reactions these animals 


when first captured. 


fo test this conclusion a large number of specim \\ ‘ cted on t 


beach and divided into two lot 


positive and nevative. One lot was exposed to the in ! tel | 
north window, the other lot was placed the dark over tive 

hours those that were kept the dark were removed. 


were strongly negative, while those that were exposed the light 


all individuals that were kept the dark were then exposed 
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direct sunlight where they remained negative for short time but some soon 
began wander the positive end the dish, and fifteen minutes more 


than two-thirds had become positive. 


Hence would seem that darkness causes Orchestia become 
negative for short time after exposure light. 

Orchestia Orchestia palustris much less affected 
light than the two preceding number specimens are 
exposed the light they not all rush toward it; nevertheless 
several will show marked positive phototaxis. More individuals that 
are negative are met with under ordinary conditions than Orchestia 
agilis, and the negative condition persists longer. Owing the 
somewhat dilatory manner which the specimens react light, few 
observations were made this species. The weak responsiveness 
palustris light may correlated with its habits life. 
found around marshes under grass weeds the damp ground. 
While not exposed bright light does not live such dark situa- 
tions Orchestia agilis or, still less, Talorchestia longicornis, and 
perhaps less sensitive photic stimuli this account. the three 
species described positive phototaxis becomes less decided propor- 
tion the amount light which they are habitually exposed 
increased. 


ORCHESTIA AGILIS RENDERED NEGATIVELY PHOTOTACTIC BEING 
TRANSFERRED FROM STRONG WEAK LIGHT. 


The experiment bringing Orchestias from strong weak light 
gave remarkable and unexpected result. specimens that show 
marked positive phototaxis direct sunlight— all they 
remain for some time brought into much weaker light 
they soon become marked degree negatively phototactic. This 
unlooked-for result caused try the experiment repeatedly and 
under different conditions. Accounts few experiments are here 


given 


August large number Orchestias was collected the beach 
When first taken they were mostly were once brought 
into the laboratory and exposed the weaker light north window. Almost 
all the specimens quickly became the course half 
they began move more and more the positive end the dish, and 
almost all were that 7.30 (in the lamplight) all, several 
hundred number, were positive. 
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September A.M. numerous Orchestias were collected, whi 


were first almost equally positive \fter 
exposure almost all had positive. were then 
aken into small dark-room with small window where they quickly 
negative, with the exception half 
specimens became were then exposed, ice, 
direct sunlight n which practically i came | ve Very pe 
ments essentially like the above were several tim 


was found that increasing the temperature, least under certain 
conditions, renders Orchestia agilis more strongly bring 
ing specimens from direct sunlight dimly lighted room 
temperature are encountered which might considered ettect 


the change the sense phototaxis. specimens that are 
dimly lighted room brought into direct sunlight and there 
become positive this change might attributed the increased tem 


ht; and when 


perature and not the difference the intensity lig 
the specimens are brought back into the dimly lighted 
become negative again, might thought that their natural nega 
tive phototaxis had reasserted itself the temperature 
inadequacy this interpretation best shown the following 


lot Orchestias was collected A.M. first, direct 


more than nine-tenths were positive. When brought into a dimly. laehted 
room they became strongly negative, the temperature dish being 
‘They were then placed dish surrounded cold ind exposed 


the Although the temperature was few degrees lower than 


the dimly lighted room the majority specimens quickly became positive 
second lot was placed dish surrounded ice water and 


the direct sunlight, the thermometer the dish registering Fahr. 


the numerous specimens positive except very few When the dish 
taken dimly lighted room where the temperature 
the specimens bes ime negative, When the dish was turned all the 
went the negative end the dish again. dish 
exposed to direct nhicht Where the ran ral 
The specimens quickly became positive and rushed back the positive end 


again when the dish was the dish the lighted 


room where the thermometer again showed rise the specimens again became 
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strongly negative, going back the negative end each time the dish was 


turned. The dish was then exposed direct sunlight without 


ice water and the specimens became positive, the thermometer 


rising 


Thus, when specimens are brought from strong dim light, they 
are made negatively phototactic whether this change accompanied 


increase decrease temperature; and, conversely, when 


specimens are transferred from weak strong light, they are made 
positively phototactic whether they brought into colder 
warmer temperature than before. Differences temperature, there- 


fore, cannot account for the changes thus produced the sense 


phototaxis. 


Where change the sense due the influence 
light itself has been found hitherto that strong light tends 


produce negative phototaxis. Many forms, like the swarm spores 
certain degree intensity, their optimum, beyond which they quickly 


become negative. may necessary distinguish two ways 


which the response organism may modified light, the 
direct effect changed intensity stimulation, and the indirect 
effect previous exposure. swarm spore, previously posi- 


tive, turns about immediately upon increase the intensity light, 


the change reaction apparently the direct effect increased 
stimulation. The effect previous exposure shown many 
swarm spores, has been demonstrated Groom 
and found that Balanus were positive the morning, 
even the sunlight, but gradually became negative during the day. 
after the larva have become negative, they are kept the dark 
for short time and then exposed the light, they become for 
short time positive again. Light the same intensity makes the 


positive negative, depending upon the intensity light 


which they have been exposed. illustrated also the fact 


that continued exposure strong light makes some forms positive 


light which otherwise they would have been negative. The 


effect bringing Orchestias from strong weak light, well 


the effect keeping them darkness, quite different from that 


which has been found other organisms, and difficult, there- 
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fore, bring all the facts under common explanation fact 
that bringing Orchestias from strong weak 


difficult reconcile with 


phototaxis from positive 


1 


the doctrine often assumed that negative phototaxis 
stimulation above the point optimum intensity. 
explanation may true for some cases 


17 


though not for all. 


CHANGI OF PHOTOTAXIS PRODUCED BY THROWING TPERRESTRIAI 


AMPHIPODS INTO WATER. 


seems general rule that the terrestrial amphipods 
are positively phototactic, while the aquatic species are negative, 
produced placing terrestrial amphipods water. was found 
that strongly positive specimens Orchestia agilis are 


] 


water, they immediately became strongly negative. This change 


very marked; specimens that jump furiously toward the light im- 
mediately swim vigorously away from the light when they are 
placed water. The negative phototaxis these animals the 
water independent the intensity the light; they 

are strongly negative direct sunlight and light very weak 
intensity. Specimens were transferred from direct sunlight dim 
light and back again; but they remained negative throughout \nd 
not merely the majority individuals that become 
several hundred are placed dish sea-water they will usually, 
without single exception, proceed the negative end the dish 
have never observed one this species that could regarded 
positively phototactic when first placed sea-water. the speci 
mens are removed from the water, they quickly 
again. have repeatedly changed specimens 
from positive negative and the reverse, placing them water 
and then taking them out. was shown that tem 
perature not produce this change. Specimens were placed, some 
water the same temperature the air, some water colder, 
and others water warmer than the air; but all cases the 


animals previously positive became strongly negative. wide range 


temperature was tried, from water much colder than the air water 
90° Fahr., without producing change the sense phototaxis. 
When the point where heat rigor supervenes approached, the 
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animals tend become positive, will described further on. 
There can question, however, that differences temperature 
not account for the change phototaxis that occurs when the 
animals are thrown into water. 

Water different degrees salinity was ordinary sea- 
water specimens were observed remain negative for several days. 
How long the animals will live sea-water unknown, but those 
kept under observation remained negative long they were kept 
concentrated sea-water specimens remained negative for 
several hours, 


long life was retained. Specimens placed 
perfectly fresh water likewise became strongly negative, but they 
lived this medium only for few For short time before 
they died the fresh water, however, they showed tendency 
become positive. 


August 21, collected several hundred specimens, allowing 
them jump directly into dish sea-water, where all immediately became 
negative. The lot was taken into the laboratory and divided into three parts, 
one portion being placed fresh water, another portion placed dry dish, 
and the remaining ones left the sea-water. The specimens the dry dish 
were first mostly negative, but gradually became positive. 
the specimens fresh-water, like those the sea-water, were all negative. 
the fresh-water specimens were more positive than negative. 
they were almost all positive, while those the sea-water were all negative, 
and the same condition obtained at6 the specimens fresh 
water were markedly positive, while those the sea-water were 
the same condition 8.30 the next morning the specimens 
sea-water were still negative, while those the fresh water 
Later the forenoon the specimens fresh water Essentially the same 
experiment was tried several times, with similar results, the specimens fresh 


water after several hours becoming positive and afterwards dying. 


The behavior Talorchestia longicornis, when placed water, 
different from that Orchestia while the 
air positive under all circumstances which have seen placed. 
thrown into sea-water shows comparatively weak ten- 
dency away from the light, but this only temporary, 
the course hour more the animals become positive. ‘The 
movements Talorchestia the water are much less vigorous than 
those Orchestia. animals seem dazed stupefied, especially 
during the first hour, and often float passively for some time without 
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making much attempt give here the behavior 


August A.M. eight specimens tia were placed 
the negative end of the dish. where thev moved bout mor Or n t 
endeavor get away from the one went tot end 


returned They all remained the end until when 


specimen went the Another specimen went the end 11.45, 
returned 11.46 another went the end, but immediately 

end, and 12.13 another followed, one returning 12.14 were 
the end 12.17, and but one Then several began 
time the specimens kept the one end the other the dish.) 1.42, 
seven were the end the dish and one end. 

tive specimen came end, and all remained that end until 
when the observation was observed 3.1 
all but two the 3.50 all the specimens were 
placed the immediately swam end, and 
than minute five were that end, and four minut were thet 
dish was then turned about; all but one came 
minute, and that one less than two the dish 
reversed ; all the specimens went to the + end in less t n a minute. | 

all were removed the end, and less than minute all were 


end. 
experiment was tried again with the same result. 
The experiment was tried again with the same result than 


minutes, and again with the same result less than one 


when again observed, all the specimens were the end 


less than minute. experiment was then repeated three times with 


having been kept water three and these wer 
the day before. 


negative. Then individuals seemed become temporarily positive. 
Later, the tendency the positive end the dish began pre 
dominate, and finally became very have several times 
kept specimens until they ran through the changes from negative 


positive. The initial negative reaction not marked the 


4 
A 


222 Samuel 


final positive response, and sometimes specimens when placed the 
water seem stupefied that they not react definite manner 
either way. Later, however, such specimens almost 
come markedly positive. The comparatively weak and temporary 
negative phototaxis Talorchestia when placed sea water 
interest when compared with the strong and apparently permanent 
negative reaction Orchestia agilis under the 
This difference not improbably due the fact that the air 
Talorchestia more strongly and unalterably positive. Contact with 
water which changes the positive phototaxis Orchestia agilis pro- 
duces but relatively slight and temporary effect the stronger 
positive phototaxis Talorchestia. 

was found that the young larva: Limulus the 
direction the phototactic movements depends upon whether the 
animal moves crawling swimming. the Amphipods, how- 
ever, the direction movement stands relation their mode 
locomotion. have seen Talorchestias the water crawl well 
swim both and from the light, and Orchestia, when made 
positive fresh water excessive heat, swims towards the light 
just as, under ordinary circumstances, swims away from it. 

The cause this curious change phototaxis when the terrestrial 


amphipods are thrown into water not apparent. Differences 


illumination and temperature certainly cannot account for 
that may correlated with differences facility 
respiration the two media, but this case should not expect 
the change brief Talorchestia. The change appears 
take place soon the animals are thrown into water. 
were due changes respiration would expected that few 
seconds least would required effect the 
does not seem improbable that have here case which the 
response light modified thigmotaxis. Miss Towle? has shown 
that Cypridopsis the sense response light may changed 
contact. Striking the side the vessel, any solid object, often 
changed the response from negative positive. When specimen 
was picked pipette and dropped into the water “in almost all 
cases the first response was positive; and, where doubtful first, 
became steadily positive after the animal had been several times 
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Similar results were later obtained Yerkes Cypris 


That the Limulus are positive while swimming and nega 


tive when crawling the bottom 


dish may possibly also 
due the contact stimuli. When terrestrial amphipod 
thrown into water immediately receives contact stimuli 
parts the body. contact stimuli produce temporary change 
phototaxis Cypridopsis and Cypris, not unreasonable 
suppose that when such stimuli act constantly change longer 
and hope further experiments throw more light upon the 
problem. 


Attempts change the sense phototactic movements 

Orchestia raising lowering the temperature under the same 
conditions light were unsuccessful long the specimens were 
kept the air. Orchestia can made temporarily negative 
being brought from strong weak light there opportunity 
afforded for studying the effect temperature the rate change 
from negative back positive were con 
ducted the following way: lot Orchestias was exposed 
strong light until the specimens became strongly positive. They 
were then taken into dimly lighted room where they became 


ative and divided into two lots were kept exposed the 


same conditions light. The dish containing one lot was warmed, 
—light from the source heat being while the 
dish was left the ordinary was found that the 


specimens the warmed dish became positive more quickly than 
those the cooler all the specimens had the same exposure 
light before being taken into the dimly lighted room, 
exposed the same intensity light while one lot was heated, 
fair conclude that increase temperature accelerated the 
positive response. 

Orchestia agilis becomes negative when placed water, 
ments were tried order ascertain increasing the temperature 


the water would make the species positive. 


Numerous Orchestias were placed sea-water 
were apparently positive. At 4 Kahr. many were rendered inert by th 
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but those that responded the light were about equally divided between 
positive and negative. Fahr. almost all that could swim went the 
positive end the dish. fresh specimens were then dropped 
the dish and they immediately swam towards the light, few succumbing 
the heat before reaching the end the dish. After few minutes not speci- 
men was the negative end the dish and several were swimming the 
positive end the endeavor towards the light. Soon most the speci- 
mens were warm water was then poured off and replaced cool 
individuals that were able swim immediately went the 
negative end the dish and several that were apparently 
revived and, when they became sufficiently vigorous, swam also the same end. 

and few other similar experiments indicate that increase tempera- 
ture tends make Orchestia agilis positively phototactic, although the point 
where the transformation occurs lies very near the limits the animals’ power 


withstand heat. 


The effect increasing the temperature was tried upon several 
aquatic amphipods, but generally death resulted before change 
the sense phototaxis could produced. Most the species were 
unable withstand temperature Fahr. for even few 
minutes. some cases positive phototaxis was apparently produced 
shortly before heat rigor set in, but the results general were too 
doubtful relied upon. 


specimen Gammarus mucronatus, however, was found endure easily 
temperature roo” Fahr. which became strongly positive. ‘The dish 
which the animal was turned repeatedly and the creature swam 
quickly the positive end each time. The response was very decided, but 
unfortunately other specimen this species could obtained. When 
placed cooler water this specimen became quickly negative, before. The 
experiments with the same individual were became 
markedly positive when placed sea-water 100° Fahr., and negative again 


when placed cooler water the day before. 


The influence temperature phototaxis differs 
forms. found that the swarm spores Hamatococcus 
which were positive temperature 18° became negative 
the temperature was lowered C., while, the temperature was 
raised C., the positive phototaxis became more marked than 
before. general, among the swarm spores, raising the temperature 
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looking away from the centre the circle. the right eye black- 
ened over the animal veers continually around the right, the 
left eye blackened over turns toward the desirous 
trying the same experiment animal that positively phototactic 
tried first blackening over the eye the common blue-bottle fly. 
this case was found that circus movements are produced, but 
that they occur direction opposite those Hyalella. the 
right eye the fly blackened over the insect travels circles 
the left, the left eye blackened turns toward the right. 
The same experiment was tried several positively phototactic 
species insect, two species bees, the robber fly, Asilus, 
Tabinis, and species syrphid, and was found, each case, that 
the insects performed circus movements direction such that the 
unblackened eye looked away from the centre the circle. The 
terrestial amphipods Talorchestia longicornis and agilis 
show, when one eye blackened over, tendency turn the same 
direction which very marked. one occasion, when returning 
room, observed specimen Talorchestia with one its eyes 
blackened that had escaped from its box and was busily engaged 
trudging around the floor circle about six inches diameter. 
kept its circular movements the same path for several minutes, 
when finally stopped, apparently through Orchestia 
agilis positive negative depending upon whether air 
water can made, when one eye blackened over, perform 
circus movements the one the other direction changing 
from one medium the over the eyes several 
aquatic amphipods caused these animals perform circus movements 
the same direction Hyalella dentata. Destroying one eye 
Talorchestia was found produce the same circus movements 
blackening over the same. When both eyes are destroyed phototaxis 
longer appears. 

Thus far experiments have borne out the rule that, positively 
phototactic animals, blackening over one eye causes circus move- 
ments performed with the unblackened eye looking 
the centre the circle, while animals that are negatively photo- 
tactic the same operation causes circus movements performed 


the opposite direction. 
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EFFECT HEMISECTING THE BRAIN. 
When terrestrial amphipod moves face the source 


the legs the side away from the light act more vigorously than the 
others, thus turning the animal that its long axis becomes parallel 
with the rays. this turning reflex response stimulation 
light must suppose that impulses generated the eye turned toward 


} 1 


the source light are conveyed the appendages the 
the body. What known the nervous system 
crustacea renders very probable that the 


When the brain, therefore, cut through the middle one chiet route 
which impulses are conveyed from the eyes the opposite side 

Astacus, and also the water-beetle Hydrophilus, that, when the 
brain cut through the middle, the animals are longer nega 
tively phototactic, although their other actions soon come very 
much like those normal was matter interest 
determine the effect hemisecting the brain forms with such 
strong positive phototaxis the terrestrial amphipods, 
was chosen for this experiment, its large size renders favorable 
form for the purpose. The brain was cut two with sharp, finely 
pointed knife, the cut being made deep enough leave chance 
that the separation the two halves the brain should incom 
plete. Owing the profuse bleeding thus caused many specimens 
die, but quite number recover and may kept for several days 
dish moist sand. specimen thus operated upon was kep 
for two weeks. The specimens soon behave in a normal manne 
burrowing the sand and often coming out their holes night 
While their behavior shows that they are the light, photo- 
taxis seems entirely case could detect the 


least power orientation light. The same experiment was tried 


few positively phototactic species insects, Smerinthu 

Junonia, the honey-bee, and the blue-bottle were 
kept alive for two days after the operation, but showed trace 
phototaxis, although they were irritable light. his loss photo 


taxis is, ] believe, not entirely the etfect of the shock of operation, oF 


incidental injury other paths photic impulses, although the 
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experiments are not conclusive this point. Delle Valle found that 
when destroyed, very much mutilated, one half the brain 
Orchestia, the animals, after few gyrations, would jump towards the 
window their usual vigorous manner. This makes rather more 
probable that the loss phototaxis Talorchestia due not the 
rough treatment the nervous system, but the fact that the 
nervous connections necessary for the phototactic response have been 
severed. are not yet position come positive conclusions 
this matter. 


PHOTOTAXIS AND 


There are commonly distinguished two modes which animals 
react light, phototaxis, which the body orients itself the 
direction the rays, and photopathy, which individuals collect 
area certain intensity independently orientation. was 
formerly held that the phototactic movements organisms were due 
tendency seek certain intensity light. has been shown, 
however, Cohn and Strasburger for the swarm spores and 
some flagellates, and for several animals, that the direc- 
tion the rays and not differences illumination different areas 
that causes the direction phototactic forms 
move toward the source light even brought thereby into area 
less illumination, and negatively phototactic forms move away from 
the source light even they are thus brought into 
greater illumination. The direction the rays, therefore, has been 
emphasized the important factor phototaxis. was pointed out 
Loeb! that certain animals show sensitiveness changes 
intensity light without being noticeably oriented the 
example this, Loeb held, was afforded the fresh water plan- 
arian, Planaria maculata. When specimens this species were 
placed round dish before window they collected the sides 
the dish where was shaded, and not the point farthest from the 
window forms which move away from the light the direction 
the rays. This was explained Loeb the ground that, the 
planarians are stimulated activity light, they come rest only 
when they accidentally get into shaded area, where they would thus 
naturally form collections. Such mode response light Loeb 
distinguished from phototaxis (or heliotropism) 
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empfindlichkeit, sensitiveness changes light intensity, 
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several Jater writers have concurred this distinction 

article The Theory Phototactic Response,” recent 
number this journal, Holt and have maintained that 
assumption unnecessary and misleading, that the motor reactions 
organisms stimulation light are two kinds, namely, reactions 
the intensity light, and reactions the direction its 
phenomena that have led such assumption can 
explained the simpler theory that every ray light impinging 
organism stimulates the point which falls and 
tion its intensity, and that, result this, organisms always 
endeavor seek their optimal intensity illumination 

direction the rays has itself effect whatsoever 
movements the organism. true, however, that the rays 
reach the animal from certain side, that side the body stimu- 
lated more than the other, for the other side lies its own shade. 
Hence the controlling response called out the first side; but 
exactly the same response would produced the same side the 
organism similarly stimulated rays coming from any 
direction whatsoever. The direction the rays therefore 
ondary factor, operative only far determines what side 
the organism shall stimulated. means these two factors 
alone, the intensity the light, and the side the organism that the 
light reaches, this paper has aimed explain all the facts the 
phototactic response. The facts not show that the direction 
the rays otherwise effective than determining what part the 
animal the light shall fall. There evidence that the organisms 
respond any other property light than its intensity, and the 
distinction commonly made between phototaxis and photopathy 
different forms irritability unwarranted.” 

The authors this paper have, believe, somewhat exaggerated 
idea the prevalence the view that phototaxis due the 
tion the rays se. They treat widely-accepted assump 
animals has ever seriously adopted. apparently leaves the possi 
bility open that the direction the rays may operate independently 
intensity, although his statement his theory implies that differ 
ent intensities illumination the two sides the body 
portant factor bringing about orientation. animal oriented 
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the rays moves neither the right nor the left because symmetrical 


put forward theory orientation essentially like that Holt and 


Lee, although makes the alternative suggestion that the course the 


rays take through the organism may also factor the case. 


This suggestion Holt and Lee oppose. They seem think 


represents Davenport’s general theory the phototactic response. 


The hypothesis that orientation the direction the rays brought 


about unequal intensities stimulation the two sides the 


body affords very simple and natural way accounting for the phe- 


nomenon. Whether, addition the effect light the surface, 


the direction which light enters the tissues may not have something 


with orientation, least some forms, are not, believe, 


experiments which the effects direction rays and different 


intensity light the two sides organism have been separated. 


The attempt might carried out more successfully plants than 


animals. Until such experiments have been performed are not 


justified, believe, asserting positively that the statement that 


light acts the course the rays take through the organism 


“erroneous.” animal (lig. 1), suppose that the 


two symmetrical points and are stimulated with equal intensity 


rays light coming different directions. the one case light 


travels through the animal the direction the other the direc- 
Holt and Lee, the direction which light falls 


ray traversing does different part the body from the ray 


would produce different motor The conditions are here 
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fulfilled, far and theory concerned, for 


straight forward. Wou 


not know; neither the experiments and Lee, nor 


animals were perfectly transparent that all parts the body 
could be equally lium ited by parall ¢ it 


it, the directio 


the force gravity, which acts with equal intensity all parts 
whatever may their position Yet this force orients 
marked way owing solely the direction which act 
analogy heliotropic effects was one the 


studied phototaxis animals and insist that direction 


producing orientation. The course which electrical current takes 


through organism certainly plays important part 
independently the intensity stimulation points where 
the current enters and leaves the body light may act 
similar manner forms that are semi-transparent does not 
improbable, much less mystical,” appears Verw 
While may possible that the direction which pass 
orientation, yet, since have had conclusive experiments the 
subject, positive conclusion is, believe, present premature 
Having resolved the responses organisms light into reaction 
intensity and conclude that they have done away with 


the distinction commonly made between and photopathy 


independent forms Granting that their theory 
orientation correct, does not that phototaxis and photo 
pathy are not different forms behavior towards light, whether 
not choose call them different forms irritability may 
be forms which are not oriented to light if all, but w] h. when ] 

the light, are stimulated move faster than when 


forms would naturally collect dark places independently 


ences illumination different parts the body. forms are 


‘ 


more active both bright light and the dark than light 


moderate intensity they would naturally collect, independently any 


animal tend move this direction 
qgquce any orientation. phere Would de Noting pure aire 
this condition with respect but all are transpare 
I I 
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orientation, places moderate illumination. This mode reaction 


light convenient distinguish from phototaxis, and the term 
photopathy applied animals supposed respond this manner. 


both kinds reaction occur There are many animals 
which show apparent orientation light, but which move from 
into darker places. may these forms element 


orientation not easily detected, but exists does not wholly 


explain why the animals congregate the and 


have recently shown statistical observations that Planaria gono- 


cephala certain extent oriented the rays light. Yet 


planarians move about more rapidly the light than the dark they 
would doubtless collect shaded places independently their nega- 
tive phototaxis. Phototaxis and photopathy are doubtless often asso- 
ciated the same animal, their relative potency varying greatly 
different species. Negative photopathy may associated not only 
with negative, but also with positive phototaxis this shown the 
fact that terrestrial amphipods, although having strong tendency 
towards the light, habitually come rest shaded 
swarm spores many the other hand, swim about actively 


and continuously the dark, and come rest only after exposure 


light, mode behavior which, independently the positive 


phototaxis which they often possess, would lead them collect 


lighted areas which they must reach they undergo further develop- 
ment. these swarm spores positive phototaxis occurs along with 
what might considered form positive photopathy, and the same 


relation may found exist among other organisms. the photo- 


pathic responses animals have very little knowledge. 


aggregations organisms may formed, through the agency 


light independently orientation cannot, believe, reasonably 


questioned. case many forms that collect dark places 


may reasonably sure that orientation not necessary exists. 


The cases which organisms have been held, independently the 
effect the direction the rays, seek light certain mean 
intensity, experiments with forms under darkened prisms, are 
open the criticism that the possibility phototactic effect com 
ing into play was not excluded. Holt and Lee have plausibly ex- 


plained several purported cases this kind due 
response this kind course possible, perhaps 
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not improbable, but cannot, believe, considered proven. ‘The 
modus operandi the photopathic response 
tion. Most cases photopathy are not improbably due the 
that organisms are less active some areas than others and there 
fore collect where they are the most quict. Still 
regates are possible means stimulation light, but 


not know what extent they are realized such modes are 


forming 


found occur the question will arise whether the term photopathy 
should used include them. Photopathy the kind just 
scribed undoubtedly occurs and -form response from 


phototaxis, although both reactions are often, not generally, exhib 


ited greater less extent the same organism 


UMMARY. 


All the aquatic spe amphipods studied are negativel 
phototactic. 

The three terrestrial amphipods studied are positively photot: 
under ordinary conditions, the reaction being more decided propor- 
tion the species less habitually exposed light. 


long 
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icornis strongly and permanently positive 
very weak and very strong light; nevertheless has 
proclivity come rest shaded spots, 

After being kept darkness Orchestia agilis becomes temporarily 
negative; then becomes positive again more quickly the brighter 
the light, and remains positive the strongest light 

Specimens Orchestia agilis that are positive strong light may 
rendered temporarily negative exposure light less intensity 

This change independent ditferences temperature. 

Negative specimens Orchestia agilis 

quickly the temperature raised. 
When thrown into water Orchestia agilis quickly becomes negative 
sea-water this change apparently permanent but fresh water 
the animals become positive some time before they 
temperature individuals sea-water tend become 
Talorchestia longicornis when thrown into water first weakly 
negative, but afterwards slowly becomes positive 
species Jassa was found become positive when placed toul 
sea-water. 
Blackening over one eye the amphipods and several 
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positively phototactic species insects causes the animal perform 
circus movements with the unblackened eye looking 
centre the circle. Blackening over one negatively photo- 
tactic amphipods causes circus movements performed the 
opposite 


Talorchestia and some insects, was found that after hemi- 


section the brain positive phototaxis was destroyed. 
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the author has found convenient press kilos time. 
The size the press use would, however, naturally determine the 
amount the hash pressed one time. 

The compact cakes are next broken large dish, intimately 
mixed thorough kneading, and then very small quantities, picked 
out here and there all through the mass, are transferred directly 
capacious tubes, weighed and Thus far have not had 
occasion make other than nitrogen determinations the meat pre- 
pared this manner. results were obtained with 
grams for each analysis, although larger quantities may readily 
utilized, perhaps with even greater accuracy. 

Simultaneously with the sampling the hash for analysis should 
quickly rolled between the hands into balls weighing about 
100 grams. are dropped lightly into wide-mouthed bottles 
capacity sufficient hold five the latter are not 
pressed together, but ought rest very lightly 
The bottles are then promptly sealed and placed 
room, where the temperature maintained below The 
meat-balls quickly solidify, and the frozen condition can, course, 
kept indefinitely. After the balls are frozen there usually very 
light and delicate film frost the inside walls the bottle, 
places, indicating naturally that only very slight quantity water 
leaves the meat during the interval before the frozen state reached. 
Under these conditions there never sufficient movement fluid 
result the formation ice the bottom. If, however, the 
frozen condition not reached within few hours, and maintained, 
bloody fluid certain trickle slowly the bottom, spite the 
preliminary removal pressure, thus changing the composition 
the substance throughout the entire mass. 

The hash prepared and kept this way retains its normal appear- 
ance, odor, and taste for very long the bottles are small, 
containing more than enough for one, most two days’ 
feeding, practically change can take place while material being 
withdrawn, this done quickly. The globular form particular 
Ifthe tubes are weighed after they have been thoroughly dried room tem 
perature, and before the hash put into them, any condensation 


I 


the meat would included, should be, with the weight ditference 
prepared substance. This procedure would serve very well for nearly all the 
analyses commonly made. The hash should, course, completely removed 
from the weighing tube each determination. 
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advantage, this connection, because makes the removal 
meat, even the frozen condition, verv easy. When desired 
take out meat for use, the bottles need kept room tem 
perature for only few minutes before the delicate icy connections 
between the balls have thawed sufficient] perm with 


to take 


drawal. Special thawing bulk, order 
out sufficient supply meat, unnecessary. The balls remain 
ing after each removal may speedily returned the 

without undergoing any change speak 

removal, may made very accurate shaving 

additional ball give the desired quantity 

After the weighed meat has been placed the feeding-dish, 
hash soon softens and ready for ingestion Its 
treatment after removal from the bottle must naturally depend upon 
the requirements the experiment which used 
the researches this laboratory dogs nitrogenous 
the meat has been weighed common glass crystallization 
which were also placed definite quantities cracker dus 
lard, with subsequent addition given proportions 
thoroughly stirring this mixture, the balls quickly fall apart, and, 
the quantity water not excessive, the fluid finally has the con 
sistency thick soup. The odor fresh meat predominant 
when the cracker dust and lard are not too great amount 
warming suffices raise the mixture the ordinary 
may added that dogs eat this mixture very readily for 
Further, very digestible and nutritious 

answer the question whether any important changes 
chemical composition the meat take place during prolonged periods 
preservation, the nitrogen content was determined two samples 
each several preparations, intervals about ten days, for 
several weeks, with the results tabulated 

analytic data obtained not only show the general uniformity 
composition meat preserved this way, but demonstrate, 
wise, that important chemical alteration takes place any 

shape the common 


licking last porti 
easily bring together the centre the 

first, thus favoring final ingestion the entire meal 

analyses were made the Kjeldahl method 


used varied from 2.1362 3.3550 
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during the period preservation, the proper precautions 
observed. The unimportant fluctuations nitrogen percentages 
the table are all within the limits unavoidable error analysis. 
The average percentages emphasize the fact perfect uniformity 
throughout. 


may suggested that the use this method impracticable 
where special cold-storage facilities are lacking. can said, how 
ever, anticipation such conclusion, that practically the same 
satisfactory preservative results could obtained, although with less 
convenience, course, the bottles were placed 
refrigerator and surrounded each day with the 
mixture crushed ice and Melting the ice would not 


very rapid, under these conditions, and could renewed 


little expense whenever necessary. 
The chief advantages gained the use nitrogenous 

material prepared the method just described are 


and 
Percentages Nitrogen 
Before freezing \fter freezin 
Preparatio1 
No 
\t time of 
10 days days clay 
pre tration 
2 3.60 35S 369 
3.58 3.60 359 
Averages 
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Summary 


METHODS. 


observations recorded this paper are the results experi- 
ments which have been progress since the summer 1897. 

first Lombard’s modification ergograph was employed 
measure fatigue. Changes were introduced into the apparatus 


from time time until the ergograph used all experiments de- 


scribed the present paper differed many important respects from 


the original instrument. Some these changes, such the substi- 


tution the spring for the weight, have been independently intro- 
duced and described others (Binet, Cattell); the final form the 
instrument has not, however, far aware, been employed 


elsewhere, and consequently should described some detail. 
The essential features the instrument are shown Fig. The 
movement used was flexion the middle finger the joint between 


the first and second phalanges. The hand was secured firmly the 


prone position wooden rest (shown Fig. 2), straps passing 
over the dorsal surface the palm, the first and third fingers, and 
the first phalanx the second finger. The thumb and fourth finger 
the rest permitted flexion the 


were left free. V-shaped notch 
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the resistance moderately strony spring, whose extension was 


directly recorded 
magnifying lever, 


upon the smoked sur 


face 
drum. The spring 
2.5 mm. for 
gramme pull. 

procedure thus 
differs from that 


Mosso the following 


points: the use 
the spring instead 
the weight; the 


prone instead the supine position the hand and fore: 


confining the flexion the second and third phalanges; and the 


maintenance constant leverage for each subject 


will described later. 
The use the spring instead the weight. unnecessary 
explain length the reasons for this change, they have been 


Binet, Cattell, 


approximate 
indication the 


working capacity 


matter 


sooner 
which the muscle can longer lift the given weight although still 


capable lifting smaller the failure shorten 
gives incorrect record the working capacity 
thus the graphic record rhythmic maximal 


contractions against the resistance spring becomes more 
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second and third phalanges took place 


spring will always 
tigue, whereas with 
the weight point 
2.— Wooden rest for and 
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accurate curve fatigue than that series contractions with 
constant weight. 

must the same time remembered that, the study 
fatigue, the use the weight presents certain advantages over that 
the spring. the meeting the American Physiological Society 
New Haven, December, 1899, the writer pointed out that the work 
our muscles consists for the greater part sustained con- 
tractions tone, the work the various antagonists engaged 
maintaining the erect position, else series liftings 
approximately constant weight, and that this weight usually far below 
the maximum for the given muscle. only necessary recall walk- 
ing, running, wood-chopping, rowing, swimming, etc., realize that 
the weight ergograph actually represents the conditions which pro- 
duce fatigue the daily life the human body; and would 
serious mistake abandon 
altogether this type instru 
ment fatigue experiments. 

The prone instead the 


suggested the description 


I , ( f fa ie with n erately 
Phe unbroken line represents the first volume the 
the fatigue curve when the entire 


the prone position less con- 
strained, and much easier 
secure perfect fixation and immobility the hand when the straps 
are passed over the dorsal side the palm and fingers; the latter 
then flatten against the rest, while the strap readily accommodates 
itself the curved, bony surface the dorsal side. 

Flexion the first interphalangeal joint. has been the universal 
custom flex all three phalanges. This procedure is, however, not 
permissible studying the fatigue simple neuro-muscular mech- 
anism,! because while the second and third phalanges are flexed 
the mm. flexores digitorum the forearm, the first phalanx flexed 
chiefly the mm. lumbricales the palm the hand. Maximal 


extension the spring must this case depend the perfect 


single muscle group anatomically similar muscles with the 


horn 
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coordination the working two very different sets muscles, 
thus introducing into the experiment the third factor 

over and above those strength stimulation and condition the 
muscle regards fatigue. attention was first called this mat 


ter the character curves obtained with the weight 


graph and moderately heavy weights. The unbroken line Fig. 
gives one these curves. Suspecting that the exhaustion the 


lumbrical muscles for the given weight was the cause the first 
rapid fall, made the first phalanx fast and then obtained curves 
approximately represented the broken line 
Accurate regulation the leverage which the muscle works 

With the exception the work little attention has 
been paid the matter attaching the resistance constant dis 
tance from the axis movement 
the joint, the attachment usually 
being effected thimble, else 


leather metal ring around 


the second phalanx. special 
precautions have been taken pre- 
vent the slipping the 
experiments the same individual. 
And yet can easily shown that, would expected from con 
sideration the mechanical relations involved, change one 
two millimetres the point attachment has marked influence 
upon the curve order avoid this error, have used 
double metal splint (Fig. which was attached the two distal 
phalanges the middle finger. Flexion was thus possible only 
the first interphalangeal joint, already dorsal half 
the splint carried adjustable hook (for the attachment the 
splint the which was made fast constant distance from 
the joint, determined upon the flexed finger T-square, after 
securing the splint. The muscle consequently worked the 
leverage experiments. The neglect this mechanical 
serious source error most ergographic work. 

FRANZ: This journal, 355 

Compare the experiments the first and second 
258, 259, and 260 this paper. 
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very important that more attention paid the matter 
leverage ergographic experiments. has been tacitly assumed 
that the pull the flexor the finger comparable the pull 
means the case. Inthe first place, the attachment the flexor 
muscle the bone introduces lever system, virtue which, 
the bone passes from the condition extreme extension that 
half flexion, the pull applied increasing mechanical advantage. 
Inthe second place, the finger flexed, the relative direction 
its movement and the application the resistance constantly 
changes, that, even could the 
weight attached directiy the 
bone the point insertion 
the muscle, the movement produced 
the weight would constantly 
varying component that produced 
the bone. third place, 
the weight not attached the 


point insertion the muscle, but 
Diagram showing changes joint situated between one and 


direction application the centimetres this point; 
power (P) and the resistan + 

consequently, the finger flexed, 
spring (W) with increasing flexion of 
the total energy applied this 


finger. Initial position solid 


lines; flexed position broken lines. joint the exerted the 


graph, where the hand was placed 
the supine position and the direction the pull was that com- 
plete extension the finger, have the very worst possible form 
instrument this respect, since the directions application both 
power and resistance with reference the direction move- 
ment are first those the poorest mechanical advantage, improv- 
ing the finger more and more flexed the position right 
angle. the other hand, the arrangement described this 
makes these two factors more less successfully neutralize each 
Reference Fig. will show once that, the muscle 
pulls increasing mechanical advantage, the energy movement 
the finger applied the resistance decreasing mechanical 
advantage. 

One word with regard the fixation the forearm 


by 


As already described, the hand and torearm were pla ed h the 
prone position upon the wooden rest, notched one end perm 
downward flexion the middle first and third fingers 


the first phalanx the middle finger, and the palm the hand wer 
strapped down described (see Fig. The not 


fastened any way, since this impossible without 


° ] ] 
with the nutrition the working muscle. Care was always 


uways take 
however, that the elbow should not raised from durin 


contraction, and that the upper arm and shoulder should not move 


objection has been urged against the use the weight inst 


ment, that the inertia the weight carries the ever bey 
the point actual shortening the muscle. Thus with 


weight and shortening the lever will give higher record with 
rapid than with slow contraction. ‘This quite true and constit 
valid objection, the record one muscular short 
not valid the record one external work done, 
the weight will all cases raised against the attraction 


tation only far the muscle expends energy upon it; 
record consequently represents greater external work the part 
the muscle. muscle may shorten the same extent when lift 


} 1] the 
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ball the hand when tosses the same 


shortening the two cases the same; the external work very 


external work, not the shortening the muscle 

must remembered that neither the weight nor 
instrument records the total energy expended 
well known that, whenever muscle contracts, large part 


energy chemical action leaves the muscle heat, while the rest 


goes mechanical work. The use the spring 


more accurate information the amount 
taking place than does that the weight; but shall not 
perfect record fatigue until have some way recording 
total energy expended each contraction, since all know 


causation fatigue shows that this,and not simply 


Simply 

whether the jerk the slow contraction gives the 
record the shortening, but which one represents more 


the work done. Moreover, spring can stretched the 
two methods, thus somewhat similar question the 
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more suitable method contraction. not sure that have 
present the experimental data upon which determine this 
question. 

Before passing the description the results which the 
chief purpose this paper communicate, may well call 
special attention one unavoidable error, whose effect upon the 
tracing may, and generally is, mistaken for neuro-muscular fatigue. 
order secure reliable record, is, course, necessary fix 
the hand firmly the ergograph and the splint the finger; and 
impossible this without interfering with the circulation 
blood the palm and fingers. This interference may take the form 
either venous congestion arterial anemia. The splint, 
course, can and should fastened avoid congestion any 
part the but inevitably involves the stoppage 
the circulation, the chilling the finger, and consequent unpleasant 
sensations, which interfere, especially the untrained, with the 
action the will, that maximal contractions are not called forth. 
Gradually one becomes accustomed these sensations, indeed, 
becomes almost unconscious them except very prolonged 
experiments. doubtful, however, whether the afferent nerv- 
ous impulses question are ever without effect upon the strength 
the efferent nervous stimulus, and upon the height con- 
traction. the other fingers and the palm, the other hand, 
congestion appears ten more minutes, and this similarly 
not without its effect the curve. evident that these effects 
must constantly borne mind the interpretation results, 
and especially those from persons unaccustomed the use the 

the same way the subject must become used the unavoidable 
tediousness the experiment. who have used the ergograph 
know how the seconds lengthen into minutes the experiment 
proceeds. Gradually this feeling wears away, least large 
number subjects, that single experiment may easily last twenty 
thirty minutes without undue tediousness. 


THE FATIGUE THE TRAINED MUSCLI 


When untrained muscle makes series contractions against 
strong spring, soreness frequently results, which cannot 
regarded phenomenon pure fatigue. the trained muscle, 
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the other hand, this complication usually absent 
course events very regular and typical. consequently 


convenient begin with the fatigue the trained muscle 


The fatigue curve series maximal rhythmic contractions 


shall indicate the periods work and rest the convenient formula 


Where represents the period contraction and the 
kK sec 


ll 


period relaxation and rest before the succeeding 


} } ( I se 
work has usually been done with the rhythm 


( 


most experiments have used, instead, the 


the metronome beating half The latter rhythm not 


monotonous the former trained muscle can reach its 
mal contraction half second well second. accord 
ingly find that the height the first contraction not affected 


the rhythm; might, however, expect that since the period 


rest half long again with the rhythm recovery 


between contractions would greater, with consequent 


tion the amount fatigue. This, however, does not seem 


the case with regard the two rhythms question and with the 
one subject experiment upon whom number such tests have 
been made. should, however, understood that this statement 


not meant general application: made only bear 
the experiments given the present paper 


reproduces tracing which may regarded as_ perfectly 


typical results with trained muscles. The curve fat 
falls asymptotic curve and ultimately establishes practically 
constant level from which does not subsequently change, except 
the congestion other unfavorable conditions the constrained 


fingers palm render subsequent work more difficult and the main 


tenance the fatigue level impossible 


Tracings this kind were exhibited the meeting the 
ican Physiological Society referred to, they wer 


described print until the publication preliminary abstract 
Soon after this paper was sent the printer, 


paper, “Ueber die Verlauf vil 
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und bei isometrischen was received 
our Working with the abductor indicis and with modifica 
tion Fick’s apparatus for the study isometric contractions 
man, gratifying see that Schenck has found substantially the 
same form fatigue curve have described, although using 
different muscle and another form apparatus. 

While Schenck recognizes the establishment constant level 
the striking characteristic the fatigue curve for skeletal muscle 
whose circulation intact, comments the fact that many his 
tracings the height the contraction, rather tension the muscle, 
diminished toward the end period twenty-five minutes, while 
other times there slight rise from the general fatigue 
also says that the initial fall the curve frequently goes beyond the 
ultimate fatigue level, which gradually This shown 
one his tracings (1. 390) where the experiment lasted one 
hour. have times seen both these forms curve, though ap- 
parently smaller percentage cases than Schenck. Many sec- 
ondary factors, such afferent impulses from the tendons and joints, 
the interference with maximal volitional innervation from the tedious- 
ness the experiment the attraction the attention from the 
work, the slight change leverage due the slipping the splint 
the finger, and even the conscious sensations fatigue from the 
working muscle itself, are known affect the height contraction 
these experiments, apart from the conditions fatigue the 
muscle itself. Moreover, curves are very frequently obtained which 
show such variations from the type have described 
which all tracings more less conform. need not, therefore, 
hesitate assert that the aberrant character the curves ques- 
tion due quite secondary ‘factors and not simple 
may express the matter somewhat differently, follows when- 
ever the influence upon the nervous system afferent impulses from 
peripheral non-muscular organs, such tendons and joints, absent 
completely neglected, and the mechanical factors fixation the 
hand and attachment the resistance the finger remain constant, 
maximal volitional with each contraction will give 
asymptotic curve fatigue deviations from this type are not phe- 
pure neuro-muscular fatigue, but are due 
and often unavoidable factors. 

The tracing reproduced Fig. shows the effect variations 
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rhythm upon the resulting will observed that passing 
from the more rapid the slower rhythm, the height contraction 
increases asymptotic curve until new and higher fatigue level 
established. now return the former rhythm, the curve falls 
the same manner first, ultimately establishing the 


same fatigue level level the rhythm 


k SCC 


the same the height the original contraction. 


This agrees with the experience earlier observers working with 
the weight ergograph. significant, however, that ex- 
periment like the one from which the tracing Fig. was taken, 
although the height contraction with the slower rhythm high 
the initial contraction the experiment, the curve frequently falls 
more swiftly the fatigue level again passing the more rapid 
rhythm than did first, although the fatigue level actually 
lished the same the two page 255.) 

gives similar tracing recovery from volitional tetanus, 
showing the same recovery upon passing rhythm 
giving longer periods rest between contractions. 

Most workers with the ergograph have noticed the tendency 
the curve assume more less rhythmic indeed 
rarely happens that obtain perfectly even series contractions, 
although the tracings given this paper show that 
muscle the variations may very slight 
especially has studied these variations successive contractions, and 
has found that they may very large times. own case 
they were much smaller; first sight least, for the weight instru 
ment necessarily exaggerates them whenever the approaches 
the maximum for the fatigued muscle (see page cases 
seems the writer that these variations are explained 
causes than simple other words, they are not 
istic the fatigue the mechanism. 
Undoubtedly large number such cases can traced one 
two causes. were much more marked, the first place, when 
the movement consisted flexion all three phalanges, than 
when consisted flexion the first phalangeal 
itself, would suggest that the factor coordination has much 


with the result such the variations may properly regarded 


SCC. 
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fatigue phenomenon, but not one simple have noticed 


> 


the same increase irregularity the curve, the second 
where the volitional innervation was evidently not maximal with every 
times one becomes distinctly conscious waves 
volitional effort, because the attraction the attention 
things, from the difficulty maintaining attention when the work 
becomes unusually monotonous, causes. 


rive the maximal 
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one another these reasons, the will 
stimulus the simple neuro-muscular mechanism, the latter fails 
make its maximum effort and recovers that extent from the state 
cases should the next volitional impulse maximal, the resulting 
contraction will not only reach the height the former fatigue level, 
but will beyond it, virtue the recuperation caused the 
submaximal character the previous contraction. easy see, 
moreover, that where two three incomplete etforts have 
one another, this recovery may considerable and impress very 
marked rhythm the curve fatigue. Looking the matter from 
the standpoint the simple neuro-muscular mechanism, the 
character the curve cannot regarded expression 

fatigue this mechanism, but its unequal 
always the expression central fatigue, properly called, when, 
for example, the inequality volitional effort due the 
give undivided attention the this rhythmic 
character the curve most marked those who are beginning 
use the instrument, and for obvious reasons. Certainly 


experiments are little value studying the details simple 


fatigue unless the subject thoroughly trained the use the 


instrument, 

Perhaps nothing stands out clearly results 
invariable establishment approximately constant average 
contraction. appears fully ninety per cent tra 
from muscles training. are evidently dealing 


thing observed Treves, who found that substituting 


smaller weights fatigue progressed, weight can finally found 


which produces fatigue With the spring would seem 
that the muscle finds this weight Moreover, many 
curves, especially some those from the 
show essentially the same thing. Figures and his Plate 
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from the minor variations height contraction, are the asymp- 
totic character, are also his tracings from muscle with electrical 
stimulation.! Nor the variations the height individual contrac- 
tions seen tracings indicate the marked differences 
working capacity which might first sight supposed, for the 
record the weight instrument exaggerates the fatigue the point 
approached which the muscle just able lift the given weight. 
example, fatigued muscle may able lift weight four 
kilogrammes only one centimetre; the work done would then 0.04 
kilogramme-metres the weight had been instead 


from experiment January 17, 


the contrac tik ns succeed yy the volitional tetanu 


the muscle would probably have lifted the full height, 
say ten centimetres, doing 0.30 kilogramme-metres work, although 
exactly the same state under these conditions 
the work which muscle will not reliable measure fatigue. 
Nor this all; very slight recovery power would enable the 
muscle lift the heavier weight much greater height, say five 
centimetres, thus doing 0.20 kilogramme-metres work; and yet the 
condition the muscle regards fatigue the two cases would not 


represented the quantities 0.04 and the same 
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thing seen the behavior isolated muscle which 


rhythmically stimulated the point exhaustion for the 


which carries. The curve fatigue first quite regular, 


falling, Kronecker has shown, perfectly straight 


have never seen this regular fall continue the base line despite 


every precaution insure constant strength stimulation; the 


reached where the muscle able lift the given 


the curve always becomes irregular, the weight every now and 


then being lifted considerable height individual contractions. 


Turning for the moment considerations the theory fatigue, 
think evident that the establishment level what 


should expect. The one indisputable cause ordinary fatigue thus 


far established the presence waste products activity; would 


seem reasonable suppose that these limit the 


energy (and the work done) proportion their 


the same time, under the conditions our experiments, the blood 


removing them; and would seem that when the rhythm 


the removal complete, fatigue appearing the trac- 


the rhythm becomes more rapid, these wastes 


ing, 


completely removed between contractions; they gradually accumulate, 


and limit more and more the expenditure energy and the work 


done, until ultimately equilibrium established which just 


much waste produced with each contraction removed before the 
Under these circumstances fatigue level work 


next contraction. 
established, the height which varies inversely with the rapidity 


the the diminution explosive fuel substance also 


ordinary fatigue, plainly this factor would act the same 


manner, the level being established soon the muscle manufac 


tures from its reserve material from the blood just much fuel 


consumes with each 
previous ergographic work too much attention has been paid 


the first portion the curve and too little the ultimate level estab- 


total number contractions has seldom exceeded one 
hundred, and generally falls far below this reason the 
establishment constant level fatigue has almost not entirely 


Nor this all; experiments with the constant 


escaped 
weight, the weight has usually been chosen purposely heavy 


bring the curve the base line within forty fifty contractions. 


When this done obvious that the experimenter working only 


j 

fi 


with the initial fall the curve seen the experiments 
and myself, and neglecting one the most important, 
most important its features, the fatigue level. 

The time required reach the fatigue level varies considerably 
} 


different tracings. general about one hundred contractions 


/ ( SC ¢ \ 
- ) were required In my OWN Case. Sometimes as many as 


\ R » SCC 


four hundred were necessary, while find some eighteen twet 


tracings which was reached less than one hundred. 

one the disappointments work that have been 
unable account satisfactorily for these variations the rate fall 
all ergographic work whether the fatigue level the time required 
reach this level taken the measure the working con 
dition the muscle. seems the neither one these 
things alone can serve the measure fatigue working capacity. 


One most rapid establishments fatigue level have ever seen 


that the experiment Feb. 13, (see Table II, where 


only one minute was consumed (30 contractions but where the 
established was one the highest; the other hand the 
the height contractions frequently very lon 
early experiments the series, while the tatigue level may very 
low still other times the curve may fall very slowly the 
same fatigue level, high low, which reaches rapidly the follow 
ing day, although the conditions the experiment were, tar 
could be seen, the same in the two cases 

The only factor which seems any way connected 
this variation the curve fatigue the time day whi 


the experiment was made, that this matter may profitably 


cussed this very difficult eliminate the 
training tabulating the results with regard this point, espe 
cially one series contains sufficient number observations 
make averages reliable. The following table, however, which includes 
all the first experiments made each day during the month May, 
suggestive. Some seventy tracings, each least twenty 
minutes’ duration had been taken during the preceding tour months, 
that week had passed without least two 
erally about four were made weekly and sometimes the 
first May the muscle may therefore regarded trained 

The table shows that the fatigue level seems quite independent 


Theodore 


diurnal variations, does also the height the initial contraction. 
will observed, however, that the fall the fatigue level took 
place more slowly the experiments made the forenoon than 
those made the afternoon. This suggestive far goes, 


TABLE 


Height first Duration fall 

contraction, pte to fatigue level 
mim secs 


9-10 210 


1SO 


Luncheon usually between and 


200 (or less ? 


but the observations are not sufficiently numerous justify final 
conclusions. 

experience, with the trained muscle course, thus fails bear 
out Franz’s conclusion that, under similar objective conditions the 
daily variation large.” the contrary have 


= 
May 
= 103 77 270 
May 10. 12-1 100 70 
May 16. 2-3 P.M 16 100 
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cent and per cent 

training evidently accoun 

three-fourths the experimen 

point time, show variations 
protocol, Table 


almost always occurred the earlier experi 
level gradually rising from day day, 
fined to the series of 


showed ighest deg 


the greater uniformity 
atforded the 


uses not only the flexor but also the lumbrical 


mometer strength tests show marked 
likewise being measure not only 
the power coordination 

will also that result 


clusion th “the amount ol 


per cent great 
be 


the 
seems 
the Case. 
The fatigue curve volitional tetanus. 
each described ul of experime« 


with those have obtained show 


tetanus corresponds essentially that fati 


contractions, representing indeed the 

the curves with increasing rapidity rhythm 

The holding maximal volitional tet 

exceedingly painful after the first minute, 

pain located 

shown 


a 


Second wind 


the comparatively small amount these daily 
traction, and ditferent ad rees 
1 those o Irrin t ether 
tween ° per cent and so pel 
page 240) owel evel 
ment series, the 
) woen the 1] 
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TABLE 


Three series experiments with the trained muscle. 


Series Hook splint inches from joint. 


Height Height Duration 
Date. Time. first con- fatigue fatigue Remarks. 
traction. 


106 
103 

102 
105 
110 
10S 


Series I] 1S99 Hlook o 


experi 

ments consisted of 

three parts; part 

the rhythm 

4 Sec. 

A Sec. 

rhythm was 

changed for tive min 

utes approximately 


the 


c sec. 


R sec 
rhythm was then 


to 


chanyved to 


258 
| sec 
RK 4 sec. 
| 
May 3.50 100 150 
| 95 65 70 ¢ | 
| OG 71 60 b | th. 
Ser 
I 940 73 210 Smoke experiment 
| 
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rABLE II rite 
Series IT 
Height 
traction evel vt 
the tt er 
Il 12.08 100 67 mace between M 
ind © M 
I\ 3.06 SS 65 120 
V 3.45 Loo vil) nH) 
“ 100 70 ISO 
I Os 75 240 
2.50 Qs 71 ISO 
3.30 
q 10.20 1K) 
II 70 ISO 
I] 5.00 - \ 
} 
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rABLE II 
Series 


Height Height Duration 

ot ot of fall to 
first con- fatigue fatigue Remarks 
traction level level. 

mm. secs 


102 
103 


100 


Series lint inches from 


120 
260 
240 
240 


been attractive field speculation among physiologists. These phe 
nomena, course, occur connection with highly coordinated activi 
ties, notably the circulatory and the respiratory systems, and 


probable that they are the indication some temporary lack 


260 
, 
(continucd) 
q 
10.10 101 120 
‘ 
q 
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adjustment between the workings the 


units involved the same time not aware any experim 
tal evidence which excludes the view that phenomena may 
times seen the work isolated physiological unit, such 
muscle nerve commenting upon the slight recovery 
observed times Schenck his fatigue curves, pointed out tha 


their explanation probably sought certain experim 


errors which have not yet been entirely eliminated. The two most 
important these result from the failure maintain maximal 
tional stimulation throughout the tracing (see page and some 


slight change leverage, when the splint slips nearer the 


motion. himself comments the mor 
less painful muscular sensations, which, reacl their 
during the first half the tracing, gradually wear away; and 


inclined attribute the temporary lower level the fatigue curve 
the interference these afferent impulses with maximal innervation 


rather than the more pronounced fatigue conditions the mus 


itself: and especially since such recoveries are infrequent 
rence own experiments. some cases where they occurre 

actual measurement after the experiment showed that splint 
importance that few metronomes will maintain constant rhythm 


the spring runs down. Whenever experiment extends over ten 
minutes well have the spring rewound has been 
practice this every five minutes 

After 


bserved are very slight 
fail explain the very marked systemic phenomena second 


1 


few recoveries 


wind,” which for the reasons given not seem observed all 
the fatigue the muscle fibre itself 

Closely connected with this the fact, well known, that 
bodily effort can sustained with greater ease and ett 
gradually warm up” the such cases the pheno 


mena second wind usually insignificant wholly absen 


have compared the fatigue level established gradually increa 
the height contraction over period four five minutes 


the maximum pulk was reached with that observed alternate 


under the same conditions but with the exertion maximal 


failed show the slightest difference the level 


Hat both second Ww 


may, therefore, 
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are phenomena adjustment the various mechanisms 
the organism whole; they are matters and not 
simple neuro-muscular fatigue. 


EFFECT SMOKING THE CURVE FATIGUE. 


The considerations urged the paragraphs immediately preceding 
must applied the comparison results with those Lom 
bard with regard the effect smoking upon the curve fatigue. 
This writer measured only the rate fatigue, and that with flexion 
the entire finger, which, have seen, introduces much greater 
amount into the conditions the 
found his own case that marked depressing influence resulted 
from smoking cigar. 

have made three experiments substantially follows. trac- 
ing proceeded for the first ten minutes the usual manner; this 
time the fatigue level was established pipe cigar was then lit 
without interrupting the work, and smoked during the remainder 
the tracing (twenty minutes). change whatever occurred the 


low 


height the fatigue level. The splint was then removed 
the effects congestion pass away, and twenty minutes later, the 
smoking being continued during this time well during the sub- 
sequent duration the experiment, new tracing was taken, lasting 
twenty minutes; after second rest twenty minutes this was 
repeated, this third tracing being followed the same way 
fourth. The fatigue level remained practically the same all four 
tracings, although the long continued smoking had exerted conscious 
physiological effects. Nor the tracings obtained these 


ments differ from controls made other One example will 


suffice (sec Table 

will observed that the progress fatigue was much more 
gradual during the smoking than was the following day, and 
happens that the same thing true the other experiments 
This interesting connection with the popular impression that 
smoking enables certain persons, least, bear fatiguing work 
more easily; but three experiments are hardly enough settle this 


point. 
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THE RESULTS ALTERNATE ELECTRICAL AND 
STIMULATION DIFFERENTIATE THE FATIGUE THE 
CELL FROM THAT THE MUSCLE 


first paper the results ergographic work! 
showed that when muscle exhausted periodical electrical 
stimulation, the volitional stimulus still effective, and 
the same paper gives tracings which show marked recovery 
the power volitional contraction during electrical stimulation, 


but recovery the height contractions from electrical stimul 


10.10 


tion during period volitional stimulation. ‘These two statement: 
are somewhat difficult reconcile, but without insisting upon this 
point present, desire consider briefly the conclusion which 
Mosso draws, that small part the fatigue observed the usual 
ergographic tracings central origin, the recovery the height 
volitional contractions during electrical stimulation being attributed 
the period rest which the nerve cells have enjoyed while the 
muscle being stimulated certainly remarkable 
that muscle fibre which lenger responds the electrical stimu 
lus will give good contraction with nerve stimulus; and 
accept Mosso’s interpretation his results, are forced the 


same time assume that there some essential thing the 
the nervous stimulus which not reproduced the 


1 Mosso: Archiv fur Physiologie, 1890, p 
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stimulus, assumption which is, course, means impossible 
These experiments have been widely accepted proof that the nerve 
cell fatigues more rapidly than the muscle fibre. observations 
were still further extended who used one very strik 
ing experiments alternate electrical and volitional stimuli 
Plate which show quite independent curves fatigue 
The curve obtained from the electrical stimulation the same 
character that obtained Schenck and myself during volitional 
contractions, while Lombard’s simultaneous curve volitional fatigue 
shows many irregularities; here again the conclusion drawn that 
the curve central fatigue quite different from and general 
more marked than that peripheral fatigue. 

have already pointed out that neither Mosso nor Lombard were 
dealing with the simplest neuro-muscular mechanism, since both 
writers flexed the entire finger with volitional contractions, and 
used the coordinated action the flexor and the lumbrical 
consequently the electrical stimulation did not act upon exactly the 
same complex muscles the volitional. There is, however, one 
obvious error which both writers seem have disregarded, and yet 
which seems give sufficient explanation their results. 
muscle, means electrodes placed the skin, such way 
insure equal stimulation every fibre; the greater part the cur- 
rent will pass directly from one electrode the other, and the fibres 
which happen affected this part the current will more 
strongly stimulated than those affected only the loops the cur 
rent either very fact that the height contraction with 
electrical stimulation was less than that the volitional contractions 
suggests that this exactly what occurred. part the muscle 
was thus sufficiently stimulated, and the pull was equivalent that 
weaker muscle; those fibres thus inefficiently stimulated, 
course, recovered more less from their fatigue, that upon return- 
ing the volitional stimulation (and the stimulation every fibre) 
more work was done. thus see why there should apparent 
recovery volitional power during direct indirect electrical stimu- 
lation the muscle. 

With regard the response the muscle direct indirect 
electrical stimulation after exhaustion volitional stimulation, have 
already mentioned the apparent contradiction between this result and 


We 
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others the same worker (Mosso); 


lowing considerations show that 


certain number cases. When muscle ntracts, 


fibres, but also the ultimate intramuscular nerve fibres; 


large part muscular fatigue due this cause; 


the height contraction due, not the fatigue cen 


» VU 


the poisoned intramuscular nerve fibres deliver the 


stimulus the muscle. Under these circumst 


mices, aires 


rain stimulate the 


tion the muscle electricity would 


full contraction; the ight the contraction not 


otherwise would because only part the fibres 


mal effect the current. Similarly when the electrical 


charge the nerve cell, and reaches the muscle with 


measurement the current action that direct electrical 


produce maximal contraction. 


view these considerations would seem 


fatigues more rapidly than the muscle fibre.* 


SUMMARY 


Both the weight and the spring ergographs have 


tages studying various features neuro-muscular fatig 


the first interphalangeal joint. flex the ent 


muscular coordination into the experiment. 


Where comparison made fatigue curve 


same individual, there must accurate regulation the 


which the muscle works. 


Neuro-muscular fatigue must sharply distinguis 


changes the height contraction resulting from 


ducts muscular (not nervous) activity not only 


anisms, nor wholly that the muscle fibre itself, but the 


applied the nerve, the muscle contracts because the nervou 


sulhicien 
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nerve can produce much stronger impulses than are 


Where flexion the finger the movement employed, 


nor results justify the conclusion that the 


ntire fing 
duces unnecessary and undesirable complication 


required 


«i 


now many times stronger than that resulting from the maximal dis 


lation 
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such afferent impulses from tendons, joints, and the congested 
hand. 

The curve fatigue the trained muscle falls asymptotic 
curve what practically constant fatigue level. 

The height the fatigue level varies inversely with the rapidity 

The rhythmic variations most ergographic tracings are the 
result errors experiment. The more completely these errors are 
eliminated, the less noticeable are the variations. 

the trained muscle the variation the height the initial 
contraction and the fatigue level may and possibly always very 
slight from day day. Marked variations, the other hand, occur 
the time required reach the fatigue level, and results suggest 
that there some relation between this and the time day the ex- 
periment made. 

seem entirely absent from the work the simple neuro- 
muscular mechanism. 

10. Smoking failed produce any effect upon the curve fatigue, 
except possibly prolong the duration the fall the fatigue level. 

11. The experiments Mosso and Lombard alternate electrical 
and volitional stimulation muscles not justify the conclusion that 
the nerve cell fatigues more rapidly than the muscle fibre. 
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THE ELECTRICAL RESISTANCE DYING MUSCLI 


nerve and muscle,! found, among other facts, that dead 
shows less electrical resistance than living 
came the opposite Both investigators worked with 
the constant current. But the constant current has several disad 
vantages, and, present, physicists have almost totally abandoned 
this method measuring the resistance electrolytes. 
current produces polarization the electrodes, and thus adds the 
normal resistance. the animal tissue also produces intern 
for after the primary constant current has passed 
some time, the tissue shows current the opposite 
order avoid this disadvantage, Alt and used 
current produced the Holtz machine; and, accord 
ance with Hermann and opposition Jolly, observed that living 
muscle showed more resistance than dead one investigation 
remained unfinished, that not know whether this method 
gives correct results. 
present alternating current method generally 


used for the measurement resistance electrolytes, and thi 


method owe almost all that know about the laws condue- 


tivity electrolytes. order diminish polarization the 


trodes Kohlrausch introduced the alternating current, which reduces 
the polarization minimum. 

own experiments were undertaken with view investigating 
more closely, with the help method, the changes 
the resistance muscle during the process death. 
chemical theories show that the change the conductivity the 
electrolyte connected with changes the number dissociated 


molecules. The increase the resistance points the decrease 


the number ions the same volume, other conditions remainin 
HERMANN: Archiv fur die 


and Archiv fur die gesammte 
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the same. Hence measuring the changes the conductivity 
death comes on, possible obtain insight into the physico- 
chemical changes connected with this process. For this purpose 
necessary eliminate some conditions not always considered 
former investigators. resistance the same muscle different 
stages death and not the resistance muscles should 
measured, because there are individual the muscles. 
also important avoid such secondary changes the tissue 
tetanus, and its destruction the alternating current, which would 
alter the electric The contraction the muscle should 
that muscles have different conductivity rest and 
during 

The method employed was follows: The gastrocnemius and 
the muscles the thigh large, and, possible, uninjured frogs 
were put longitudinal direction into cylindrical tube, one 
inch diameter, such way that they filled the whole tube, except 
pressure. During the observation the tube was immersed melting 
ice, and the measurement was taken only when the temperature 
the muscle became constant. The ice was used order prevent 
change the muscle after its preparation. For the same reason the 
living frogs were cooled ice-water, and operated low tem 
perature. avoid contraction during the measurement with the 
interrupted current the muscle was kept ice-water. the cooling 
was not always sufficient prevent contraction the tissue the 
weakest possible current was used. This lessened the danger 
injury the tissue the current induction coil em- 
ployed was very sensitive. was provided with small 


hammer, which gave very high and distinct tone the telephone. 


The coil was connected with one two cells. 

The current was applied the muscle electrodes constructed 
the following manner. Two glass funnels, with tubes two inches 
long were fitted into the ends tube funnel 
tubes were closed plaster paris one fourth inch thick. 
The funnels were filled with per cent solution sodium chloride. 
all observations the solution was kept the same height 
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the the 


platinated platinum electrodes, which are used ordinary 
rausch apparatus. Electrodes with large surfaces were 
order avoid polarization. was not able obtain 
results long used small surface ying 
directly the muscle 

After the first measurement the bridge was reversed and 
measurement taken. The known resistance was then 
the measurement taken again. The tube with the 
then removed from the ice, and kept for certain time 
perature the room, from 21° \fter the 
some time dying, new measurements 
were recorded, the being 
cooled before. This cooling was 
vations the same temperature, 


dD 


conductivity observations 


the 


complete. lack contraction 
the resting muscle when stimulated 


} 


temperature was considered 
proof death. 


Table are the results which include only 


such experiments considered exact and conducted under 
most favorable conditions. 
analysis the data obtained shows very marked decrease 
resistance the death the tissue progressed. This decrease 


resistance still more marked than shown the data, for 
stant resistance offered the electrodes, which amounted about 


10,000 ohms, must taken into account. deduct this number 


from the figures the table find that the resistance 


de reases 
immediately after the death the muscle about one fourth the 
resistance the living muscle. decrease the 


due the decomposition dead muscle. The coagulation 
the muscle heat decreases still more its 


shown 


part the solution were immersed 
q i) | 
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TABLE I 

Hours 

Inent 

0.1 2} 35416 

0.3 5 30S00 

Il +O] 0 $2230 

III 0 0 33936 

0.2 30556 

q 

O4 2651) Muscle coagulated by heat 

4 

q 

23222 

ig 

+74 } 25041 
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Clearly our experiments confirm the statement Hermann, tha 


there decrease resistance dying muscle. With the 
notions electrochemistry, however, impossible agree 
explanation this fact. thought that the 
ance living muscle was due the polarization which appears 
living tissue during the passage the electric current 
his view, the diminishes the dying tisst 
quently the resistance this tissue appears smaller 

living tissue was first discovered Peltier. 
mond confirmed Peltier’s observation and found 
about four volts passing through the tissue produces 
current very marked strength. also observed 
nomenon after the passage the electric current 
bodies such the cups used Daniel 
experiment has often been repeated physicists and 
especially Hlermann and 
mann explain the animal polarization assuming that 
similar the polarization metallic electrodes, and consequently 
due the same cause, namely, the separation the free ions from 
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solution the membranes the tissue. Hering comes totally 
different conclusion. finds that the animal polarization nothing 
more result the injury the living tissue the electric 
current and that the polarization current animal tissue nothing 
else than the current rest 

The theory DuBois-Reymond and Hermann does not agree 
with the modern electrochemical now considered 
tain that ions not separate from the solution except the metallic 
electrodes. Therefore the opposite current, which was 
the polarization, cannot result the appearance free ions 
the membranes. 

Since Hermann’s theory was untenable, new theory was advanced 
Nernst! and They suppose that the opposite current 
the tissue due the change the concentration electrolytes 
different parts the tissue, resulting from the primary current. 
They also think that such change concentration takes place 
the semipermeable membranes the tissue. This theory very 
probable one; still the fact that observe similar phenomena the 
porous bodies shows that the semipermeability does not play any par 
ticular part it. 

order find more certain data regard the change re- 
sistance caused polarization, measured the resistance frozen 
muscles. known that freezing does not kill the muscle cold- 
blooded animals, but preserves the and chemical struc- 
ture the living tissue and the same time suspends all properties 
the living the other hand the formation ice the 
electrolytes does not influence the conductivity otherwise than the 
decrease temperature; the resistance increases about per cent 
for every degree Celsius fall temperature, without regard the 
frozen fluid undercooled state the substance. The results which 
obtained are illustrated Experiments and VII the tabl 
The resistance the living muscle does not decrease after has 
been frozen, would the case were the larger resistance during 
life due polarization. consider that these experiments have 
proved that the dying and dead muscle the number ions 


increased about one fourth. 
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THE VARIATIONS SULPHOCYANIDE 
CONTENT HUMAN SALIVA. 
SCHNEIDER. 


m the Shefiield thorat Oo” Physiological Chemist 


one who has had occasion make frequent tests for the 


potassium sulphocyanide saliva must have be- 


come impressed with the extreme variations intensity reaction 
which the secretion from different individuals shows. These variations 
have been noted for many years, and the investigation their cause, 
together with other problems concerning unusual secretory 
product potassium sulphocyanide, has led considerable differ- 
ence opinion. scarcely necessary mention the older 
literature the subject detail, since this referred the 
larger reference books physiological chemistry, and 
been reviewed Fried. Various have stated that 
the sulphocyanide frequently absent from human saliva; others, 
again, have assumed the basis observations that this 
compound formed the saliva standing and perhaps depend- 
ent for its origin decomposition the fluid. Claude Bernard 
first called attention the differences the intensity the reaction 
for sulphocyanide between the saliva smokers and non-smokers 
and careful investigation this subject Kriiger has observed 
that the mixed saliva smokers uniformly contains two three 
times more sulphocyanide than that non-smokers. could not 
agree with conclusion regarding the post-secretory formation 
the sulphocyanide result with which recent obser- 
vations coincide. describing apparatus designed for the 
colorimetric estimation sulphocyanide saliva, Albert writes: 
have worked with enough unable confirm state- 


sches Archiv fur klinische Medicin, The earlier literature will 
also found discussed Traité physiologie, 1868, 183 seg. 

Schaefer’s Text-book physiology, 345. 
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ment that the sulphocyanide 
hours owing decomposition the can also say 
ence does not any way depend either the presence cari 
teeth the use non-use tobacco.” 


view the attention which has lately been directed towards the 
possible relationship between the excretion 


and functional disorders the seemed interest 


present some data which have been accumulated the past 
two years regarding this constituent the saliva froma large 
normal individuals. testing the sulphocyanide, Solera 

and preference has been given over the older ferric chloride test 


paper good quality saturated with half per 
paste containing little pure iodic acid solution, and then 

the air. When carefully prepared, this test-paper responds readily 
very small quantities sulphocyanide giving blue 
the liberation iodine; and with proper precautions the 


papers can preserved without decomposition for considerable 


time. order obtain some idea the quantitative 
the reaction with imens saliva, solutions 
amounts potassium sulphocyanide were used 
method also due was found quite 
and reliable, will seen the comparisons which were 

with accurate determinations made the method 


the average potassium sulphocyanide content the mixed saliva 


number individuals was 0.003-0.004 per cent indicated the 


test-paper method, and 0.0032 per cent Munk’s method Ag: 
the saliva one individual the test-paper indicated per 


potassium sulphocyanide; Munk’s method there was found 0.002 


per cent. 


Almost all our observations have been made the saliva 


The 


The saliva test for functional disorders ver, Lor 
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healthy young men (students the laboratory); few the results 
were obtained from women and children. Among over two hundred 
and twenty-five individuals whose saliva was frequently tested, but 
one young man—could reaction whatever 
obtained directly the Solera-Kruger method. After interval 
year the sulphocyanide reaction was still absent this individual, 
and its presence his saliva could only demonstrated concen- 
trating large quantities the fluid. was able detect 
least traces sulphocyanide the saliva almost all the young men 
examined him. These results not accord with the opinion 
and others already quoted, regarding the frequent 
absence sulphocyanide from human Our observations are 
interesting comparison with the data obtained Grober? 
examination one hundred patients the Medical Clinic Jena. 
These persons, men and women, had been non-smokers for several 
wecks least. eighteen cases sulphocyanide could detected 
the saliva; twenty-four cases traces were found, and eighteen 
yielded small Grober states that the sixty persons yield 
ing these results were more general than the remaining forty 
with whom stronger reactions for sulphocyanide were 
concludes from these observations that the excretion potassium 
presumably dependent upon the extent which pro- 
teid utilization and katabolism proceed the organism; since these 
processes are diminished cachectic patients with severe chronic 
illness, the excretion sulphocyanide, which derived 
from proteids, must slight wanting. 

quantitative estimations the sulphocyanide content have 
been made Munk’s method the mixed saliva from twenty 
individuals. One hundred cubic centimetres the filtered secretion 


were employed for analysis every trial. average result calcu 


lated from all these analyses 0.007 per cent potassium sulpho 


cyanide which agrees closely with most the 
published. when our determinations are classified into two 
groups according they were obtained with the saliva smokers 
non-smokers, pronounced appear. The variations within 
the individual groups will apparent the following 


also 


Deutsche 
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led prac ically similar results. 
when the color was weaker than 
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that afforded the same paper 
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quantitative variations from these results were obtained with 
saliva from women and children. Our observations completely con- 
firm those who found 0.0117 per cent KSCN the 
combined saliva number smokers, and only 0.0041 per cent 
the secretion equal number non-smokers. Analyses 
saliva from single individuals were not made him. Kruger also 
found strong reaction only seven per cent all the non- 
smokers, contrasted with seventy-two per cent the smokers. 
Sex and age apparently played part this effect. 

Grober has attempted demonstrate the possible influence 
tobacco the sulphocyanide content the saliva directly allowing 
patients who had abstained from the use tobacco for least six 
weeks smoke ina very few instances was unable 
note any increase the sulphocyanide. Minimal doses HCN, 
however, seemed effective. have made systematic study 
the direct effect smoking. the case one young man, how- 
ever, was noticed that his reaction grew progressively stronger 
during period several weeks within which gradually increased 
the use tobacco; second individual who stopped smoking for 
ten days, the sulphocyanide reaction diminished noticeably during 
this period, but resumed its normal intensity when smoking was again 


continued. have found the sulphocyanide content the saliva 


any individual good health constant from day day, and 


even over periods several months. 

Like several previous observers have found that the excretion 
sulphocyanide may considerably diminished prolonged stimu- 
lation the salivary example, one case when the 
flow saliva was continuously provoked piece soft 
paraffin for three hours diminished follows 


the saliva contained approximately 0.004 per cent KSCN 


12.00 = 0.002 


This observation was frequently confirmed other cases. con 
stant relationship between the content sulphocyanide 
composition the saliva (organic matter, ash) could ascertained 


series estimations made with this point view. 
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Variations Sulphocyanide Content Human Saliva. 


has lately demonstrated the presence 


the fluid which bathes the conjunctiva, well the secret 


from the nasal mucosa. Ile obtained the reaction individuals wit 
catarrhal well healthy membranes, and observed that its int 
sity varied with that the saliva. have trequently obtained 


strong sulphocyanide reaction with the secretion from 


saves acute catarrhal conditions, and determined 


whether contamination with this 


the nature the reaction with the saliva. This 


learned examining the secretion collected directly from 
the salivary glands. There are few previous observations 


point and they are part rey 


that the saliva from fistula Stenson’s duct man 


per cent KSCN; and likewise stated that the parotid 


man was richer KSCN than either the submaxillary mixed 
iva. the submaxillary saliva man Ochl and found 
states that obtained reaction with saliva the 
sublingual gland also. 

With the test-papers have made observat 
the relative intensity the sulphocyanide reaction parot 
and submaxillary saliva over fifty individuals. The fluid 
ducts. While the latter case the cannula 
introduced far enough reach beyond the opening the duct 
the sublingual gland into the Whartonian duct, possible that 
submaxillary saliva was sometimes contaminated with traces 
secretion from the sublingual Occasionally the flow saliva 
was provoked drop alcohol upon the tongue. 


same time. two corresponding glands, however, usually 


actions like The difference between smokers 


smokers, noted for mixed saliva, was found hold good also for the 
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secretion from the individual sets glands. The observations may 


Comparison the Sulphocyanide Reaction the Parotid and Submaxillary Saliva. 
Smoke Lare 
Smokers. Non-smokers. 


lrace. 
Weak 


Strong 


The fact that sulphocyanide has been detected, mentioned, 
other secretions than the saliva, and that constant connection be- 
tween the composition the saliva and its sulphocyanide content 
has been ascertained, lends favor the view that this substance owes 
its origin processes involving the transformation body proteid. 


view the constant differences which occur the secretion 


the various glands the same person, however, the possible specific 


influence the individual glands the elaboration sulphocyanide 
can longer overlooked. 

conclusion, the writer desires acknowledge his indebtedness 
Professor Lafayette Mendel, whose suggestion 
whose kind assistance these experiments were made. 
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CONTRACTION 


EGHORN COLIN 


observed that the voluntarily contracted abductor ind 


muscie could made reiax upon applicat 


direct electrical stimulus. sub-maximal voluntary 


tion this effect was preceded primary increase the contract 
due direct action the but with maximal cont 
relaxation alone notes that the time between 


stimulus and the relaxation second, and from this con 
that the relaxation not due any direct action, but 
produced the nerve centres the sensory impulse. 
however, get relaxation unless the stimulus was lied 


to the contracted muscle. 


Working this same direction, found with the 


that 0.2 second 1s the minimum time for the interference with ti 


motor discharge local electrical stimulation 


Waller does not accept experiment example 


] } ] } 9 9 +} 
tion, but, attacking the problem various methods, 
the view that the electrical stimulus s IPpresse the \ mtary 

traction only antagonistic muscles 


our own experiments have invariably obtained relax 
} 


voluntarily contracted muscle 


optical and audi 


a 


clearly supports his conclusion the nature the relaxat 
would explain the phenomenon reflex contraction antagonistic 


extensor muscles; but, will shown the present paper, 


reaction much too slow 
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The apparatus employed the present research was slightly 


modified Mosso’s ergograph. Fig. illustrates the modification 
introduced, and explains the electrical connections and arrangement 
the apparatus. 


ment of the 


ger 


diagrammatic representation the arran 


loop A into which the finger is inserted is connected with the 


cord passing over pulley second cord, passing ove 
upper end vertical sliding lever, the writing 
magnet, 1D Reversing the two-way kev, I , sends through the 


same current which before passed from the battery, the 
secondary coil is connected with two electrodes; one, H, is grasped by 
*r, J, is fixed to the forearm The distance of motion in the two-way key, 


xaggerated the diagram 


The recording portion the ergograph, can seen Fig. 
(C, D), from the usual form, small electro-magnet being 
fastened the movable rod the ergograph. The armature this 
magnet was direct contact with the recording lever, which con- 
sisted spring brass wire. This magnet was connected such 
way that breaking the primary circuit means the key and 
thus inducing the stimulating current for the opposite arm, the cur- 
rent was thrown directly into the magnet. The armature once 
elevated the pliable recording lever the ergograph, already register- 
ing the contraction, and marked the course the tracing the 
exact moment stimulation. the use this system regis 
tering the application the stimulus, avoided extra tracing 
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the contracted muscles. This illustrated Fig. which shows 
tracing selected from considerable number typical the result 
obtained. 

subjects experimented upon knew neither the result expected, 
nor the time which the stimulus would made. further con- 
trolled the results obtained taking, with the same apparatus, the 
time each individual’s normal reaction electrical stimuli. 
have found direct measurement between 1000 and 1500 curves, 
taken from fifteen subjects, that the time elapsing between 
the application the stimulus and the relaxation the muscle 
considerably longer than the reaction time. The relaxation 
involuntary, and not permanent; the subject quickly contracts 
the muscle again. 

following table shows the results our experiments actual 
time measurements secs.). The three stimuli used have been 
classed themselves. Under each first given the number ob- 
servations made, then the average result these observations, and 
the probable The third column from the right gives the 
average,” ¢., the average the results obtained from the 
three stimuli combined. Next have the individual’s reaction 
time,” which, will noticed, every case less than the inhibi- 
tion time,” the last column showing this clearly. 

Several minor points are worthy note connection with the 
above first, that two subjects obtained result. 
are unable account for this, although may also mentioned 
that certain subjects gave much more pronounced relaxation 
the application the stimulus than others. Second, the average 
inhibition time following the auditory stimulus the longest the 


three; next comes the optical stimulus, and lastly the induction cur- 


rent applied the skin. differences, however, are extremely 


slight and are not constant the individual cases. 

The demonstration this inhibition, and the measurement its 
time relations, addition bearing out the conclusion 
cit.) its true cause, are interest connection with 
the results other authors, experimenting with various methods and 


for different purposes. 


formula used calculate the probable error these observations 


was as follows 
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‘ditch and Warren! have shown that voluntary contraction 


isly made response signal alters the force the knee 
that this effect varies with the time-interval. the signal 
four-tenths second before the knee jerk, the 
‘ith interval exceeding 
reinforci 


‘ver, the authors 


contraction. 


themselves 

eaction time elapsing between the 


ontraction which constitutes the 


have demonstrated similar diphasic reaction 

cortex the dog the phase itability 

succeeding augmentation phase lasting one-tenth second. 
has obtained such variations the force voluntary con 

contraction has also been pointed out Dr. This last 
result distinct from the one which forms the subject this paper 

acceleration relaxation occurred because the stimulus, 
the commencement the process relaxation, produced its pri 


mary augmenting effect. The present inhibition sustained con- 


traction believe depend upon the fact that, other authors 
have found, any sufficient activity the nervous system followed 
double wave augmentation and depression the condition the 
nerve centres. The primary augmentation short duration, and 
does not increase the sustained voluntary contraction, because, the 


application the stimulus, the contraction already maximal. The 
secondary depression, inhibition, decreases the force the 
discharge, either the cord, higher level, extent suffi 


cient produce relaxation the muscles involved the contraction. 


and RICHET: Archives 
Archiv fur die gesammte 


CLEGHORN: This journal, 


256 
prey 
the 
natu 
But from four-tenths second, 
point out, must subtracted the 
signal and the reinforcing 
trne stimulus 
7 
q 
physiology, ISgo, Xi, pp. 25-64. 
Physiologie, 1597, IXvill, pp. 5460-595. 


/ i / 
4 composition determined We ive not 
Gsorup-Besanez=- mentions the fa na 2 tew a 
composition the middle coat arteries, ther 
cent and 75.9 per doubtless reters 
analyses as th rth tima at tu i Ol i 
| ( 
t 
nature, and there has been ttie to meest ti t torn 
nective tissue ligament contribute anything ibst 
‘ lack of chem ii attention they have re \ . 
i Re ted, in part, betore t] A \ 
5 


speak anabolic and catabolic, many the tissues were given 
extended Liebig, Scherer, many others, those 
days, determined the elementary composition muscle, blood, hair, 
cartilage, bone, tendon, and practically all the other body parts 
(after and gave empirical these tissues just 
they did pure chemical substances. They deduced these 
formule relationships and differences which were not particularly 
harmony with observed functions, and which have not been borne out 
subsequent research. 

determined the elementary composition the dried 
middle coat arteries. this elastic tissue ascribed the formula 
and have since made and analyzed 
several pure preparations elastin from the aorta. The 
studies the composition and reactions aorta elastin have led him 
conclude that identical with the elastin ligamentum nucha. 
The averages the analytic percentage results obtained these 


observers are here brought contrast: 


BERGH Puritied 


These results are sufficiently close agreement indicate chemi 
cally, has been found histologically, that the tunica media the 
main arteries largely composed elastin. 

The earliest results similar analysis which relate ligament are, 
far have been able find, those obtained and 
for ligamentum after extraction with water, alcohol, 
and ether the first observer and with acetic acid, addition, 
the second. Tilanus gave his prepared tissue the formula 


Numerous investigators have since analyzed elastin from the cervical 


Die organische Chemie ihrer Anwendung auf Physiologie 
Pathologie, 1842, 320 
SCHERER \nnalen der Chemie und Pharmacie, 1841, 
Zeitschrift tur physiologische Chemie, xxv, 
SCHWARZ: 1894, xviii, 487. 
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the figures for oxygen. 
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analytic results for other tissues growing and mature animals. 


summary the opposi contrasts the above average 


> I 


centage figures with those for morphologically related parts: 


Ox ligament 
Percentage of fresh tissue Percentage of soli 
Number 
5.47 39.34 10.66 10.26 O40 QOS 
Z 
SUG $1.54 $1.) 1] O43 QS Of 1.04 
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The above results are significant when compared with the following 
percentage figures for content sulphuric acid the ash the 


tissues and fluids specified 


The unusually large proportion SO, found ligament ash 


doubtedly arises from organic source. The ash blood and lymph, 
will seen, contains much less proportion, does also that 
all the other tissues except cartilage. Attention has lately been 
called the fact that mucin contained ligament appreciable 
shall presently show that its percentage amount 
about half that contains ethereal acid, 
radicle very similar not identical with, chondroitin 


latter body, and chondromucoid containing it, doubtless 


contribute the surprisingly large proportion cartilage 


Most these are taken from SCHAFER’S 
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Fat (ether-soluble matter). 


these percentage water was ascertained 
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material quantities varying from ran 
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researches the structure connective tissue, particularly tendon, 
was assumed various observers that ligament contains repre 
sentatives the various proteids which identified. was 
only recently, however, that particular attention was called the fact 

representative yellow fibrous tissue contains appreciable 
quantities coagulable proteid, glucoproteid and 
quantities which these substances are present make probable that 
they are integral components the tissue and not merely constituents 
retained blood and after the finely divided tissue has 
been well washed water, process calculated remove practically 
all lymph, these substances may still separated from relatively 
large amount 


(albumin, The fresh cleaned tissue was 


cut into strips and these quickly torn into delicate shreds with forceps 
grams the fibrous material were extracted, each determi 
nation, with per cent solution sodium chloride, 
room temperature for from three four 


prevented putrefactive changes. the end that time 
was pressed through cloth, filtered, and the tissue thorou 
+ + 1. + 
with water. The extract and washings were then heated 
coagulable proteids were completely precipitated addition 


very small quantity dilute The preci was filtered 


weighed papers, vashed free from chloride water, and the 


coagulated proteid determined gravimetrically after drying con- 


> 


stant weight The following percentage results were 


ligaments: 


17 


led ligament, prepared 


nations coagulable proteid, portions 100 grams, was extra 
with repeated shaking, in 2 { 200 C.C. half-saturated lime Water 
for several days room temperature. The glucoproteid was com 
pletely precipitated from the extract and washings acidification 
with per cent amount was determined, after filtering 


weighed paper and washing free from soluble proteid and chloride, 


— 


q 
4 
4 
4 
KICHARD il Catt / f. 
The amount of a tad ( vas oO to precy te a mucl t 
| el SSO) m ¢ oride, 
7 
3 
4 
q 


sodium 


rm newal, 


and only 


remove 


mere 


were obtained with ment taken trom 
Fresh tis ( ( 
] 1] 1] ) } ‘ 
all collagenous fibres were ren 
turbidity with tannic acid was obtainable 
weighed papers, thorou washed trom tra 
age Ot elastin Ca Hated Trom the we Ot W } 
Celia lou serve Or t 1 
several Gays room temperature, tor remova 
washing 1n watel The tis ew ; ther va hed ! i] ] ! ether t 
centrated filtrate addition tannic acid 
req lired Six to ten hours. ( f 
and very little elastin hydrated filtrates were eva 
porated on the watel ith mM Wwelg ru gare. 
4 
at (. to constant Wwe } | elati er 
subtraction the ash obtained burning the 
flame, with the resu 
4 Only traces of non-ela mite 


6.77 

Extractives. Creatin and bases were detected qualitatively 
aqueous extracts large quantities ligaments after removal 
proteids and salts the usual way, confirmation previous obser- 
vations this but attempt was made determine 
their quantity nor the character the individual alloxuric bodies. 
the summary below, extractives are included with the figures for 
which were obtained difference. 

Average composition. The results all our analyses are sum- 
marized the following table, which gives the average percentage 
composition fresh ligamentum nuchae and the dry solid matter 
contained it, and also the results analysis the ash: 


Fresh lig 


74.641 
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Percentage Composition 
= 
Calf ()x Calt (x 
Water i 4 ‘ 
P,O,. 0.035 7.39 
Organic matter 34.24 060 SLO YS.900 
Fat (ether-soluble matter). 1.120 2640 
Albumin, globulin O6l¢ 1.452 
Collagen (gelatin 7.230 
I.xtractives and undeter 
aucts of the such 
4 


Compr Of Vellox lia POMS ( Gg, 
that Collagen Is notaigest 1 rot yt 
| 
cluding those ave fou are vit 
‘} . ‘ it . ti 
other. 
amount lower than that for any onnect 
> ] ‘ 
recorded for particular forms elastic tis 


NOTE THE CHEMICAL NATURE TRYPSIN 
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object work was inquire whether enzymes are 
actually proteid nature suggested very recently Hans 


iit ] 


researches Morochowetz, Lawrow, and 
have shown that proteids can digested means trypsin such 
extent that the product longer gives the biuret test, 
words, the entire proteid material decomposed. has also been 
demonstrated Gulewitsch that trypsin does not act 
substances non-proteid nature. seemed me, therefore, pos 
ible test the proteid nature enzymes subjecting them 
digestion. 
decomposes nucleoproteids, 
therefore possible ascertain, means tryptic digestion, 
enzymes were the same nature nucleoproteids. 
first experiment was performed September, Seve 


th 


pounds fresh pancreas glands chopped fine, were treated 
per cent solution sodium carbonate and large quantity chloro 


form and the mixture allowed stand 


strained through gauze and the liquid was divided among several 


flasks, which more chloroform was The flasks were placed 


i 


Their contents were well shaken every day. 


restion the contents the flasks were filtered, 


After two weeks’ di: 


the filtrate transferred into acid bottles, considerable quantity 


hloroform was added and the bottles were placed very warn 
room, which they remained until May, 1900. 

The solution, which was very dark color, was then decolorized 
means animal charcoal, and tested for biuret. The result was 
Another part the same decolorized liquid was treated 
with great excess alcohol and the whole precipitate thus obtained 
tested for biuret without result. these negative tests was 
assumed that all the proteids the original extract were decomposed 
order test how far the decomposition the nucleic acid went, 
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+ ‘ } } } + + + 
nitrate gave a itive th weak ir and |] 
q for the estimation of th total phos} rus, and an equ t 
total phosphorus wel ram and the 
contained the proteolyt enzyme 
treated with § Cx ot .§ per cent tion oft but porate 
alowed to stand in mator \fter th VeEcks of I 
part of the mixture was filtered, and tested for proteolytis I t 
The resuit Was positive [n 26 c. he } 
weighed 0.0162 gram another portion the phosphorus 
the mineral phosphates weighed 0.0131 
compounds wet thus shown to be present. 
proteolyti properth Ih 10 | rain Of pho ru Vial 
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found. cc. the same solution contained 0.00628 gram 
phosphorus phosphates. again showed the presence 
slight amount nucleocompounds. 

After six weeks self-digestion the solution was still active and 
the biuret reaction. toc.c. the solution the total phos- 
phorus weighed O715 gram. the same solution the 
phosphorus mineral phosphates weighed gram. the 
solution contained scarcely any nucleocompounds and yet possessed 
proteolytic activity. 

These experiments would scarcely justify the conclusions 
enthal that trypsin 

The fact that only those solutions were active which gave positive 
biuret test would seem indicate that trypsin proteid nature, 
some cases the biuret test was scarcely perceptible, and 
yet the solution self-digested contained the active 
ferment. 

Similar experiments other enzymes are now progress. 

wish express indebtedness Dr. Sculley for his kind 


assistance. 
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with the general responses the animal the current, the 
phenomena being reserved for discussion later paper. 
well known that Hydra able move about from 
place under certain circumstances but during the greater part 
time attached one point and for all practical purposes 
} 


wea 


sessile form. The movements the body while the 
main categories: (a) sudden, general contractions 


i¢@ whole body, and (b) be nding movements of the extended 
Besides these body movements there are, course, 
contractions the tentacles. The bending movements 
are the result active muscular contractions one side. 


has been known shows precise response 


any stimulus. The nearest approach orienting reaction 


found its phototaxis which has been described but 


} ] 


this case the movement toward described more 


wandering. There evidence precise orienta 


light the case attached aim the pres 


study was determine whether attached orients 


the constant electric current, and, so, what the mechanism 


which this orientation was found 


tation does occur. 


able ind the literature this subject only two 


references relating the effect the current The first 


] 
| 


effect the induced current different species and under 


conditions. The results were obtained placing the electrodes 


contact with the body, and mention made anything like 


+ 


orienting reaction. The contribution not important from our sta 
point. The other reference brief note valuable paper 
Roux.® describes polar disintegration the cells the 


will now pass detailed consideration the 


Boll 


7 
and 
| 
(hat a dennite OFrien- 
q 
4 
\merican xxv, pp. 413-433. 
ettino scientiico, Tago, Xl, pp. (ol Separate) 1-9 
stract this paper was printed the Archives italiennes biologie, 
pp. 125-128. 
Roux, W.: Sitzungsberichte der kaiserlichen Akademie der Wissenschaften 
Wien Mathem.-naturw. Classe, ci, Abth. pp. 1-205. 
freely given during the course the work, and for much valuable 
criticism 
q 
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i suffi iter to Mt of Tre 
will appear later, the eaction taken 
pends its initial positi nee the direction 
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cathode side the body. Simultaneously with, shortly after the 
contraction the tentacles the cathode side, those the anode 
side which are line with the current rule also contract, but not 
vigorously the former. This tentacle contraction consists 
the tentacle without any change its direction. 
The amount contraction depends the strength the current; 
but even very weak intensities the cathode tentacles usually con- 
tract very strongly. The contraction rapid and usually occurs 
immediately after the circuit closed. The contraction the anode 
tentacles considerably less amount than that the tentacles 

the cathode side, and often 


} 


does not occur The 
tentacles which lie right 
angles the direction 
flow are not affected any 
way weak current. 
They extended 
while the current pass 
ing, provided there 
general contraction the 
whole animal. This special 
reaction the tentacles 
weak currents has 
resemblance 
known 
the pseudopodia 
Actinosphaerium 
the action the same 
stimulus. 

the same time that the tentacles are showing the phenomena 
above described, little later, the body the Ilydra begins 
bend very slowly towards the anode (Fig. Ina typical case 
this bending usually occurs mainly point short distance above 
the foot (Fig. may include the whole length 
the body. evidently result the contraction the muscle 
cells the anode side the region indicated. The bending 
somewhat slow and not always continuous movement, but may 
interrupted frequent stops. This bending often accompanied 
twisting the body its long axis about the foot fixed 


point. The twisting not antagonistic the bending, but work 


q 
q 
4 
: 
j 


with it, tending 
There may also often be observed a secondary contract It 

the anode side point about far below tor 


bending toward the anode continues 


body very nearly quite parallel with the direction 
current, other words, until orientation complete 
While the main part the body swinging about 


a fixed point the foot it 


same direction, till the end result orientation 


comes 
the whole body occurs \fter 
this contraction the animal may become 
tended again and remain so, 
contracted for long time. ‘The most usual 
behavior 


extensions and 


than minute. 


me more 


the general Contrachtion reaction ol Ilydra. Lhe orienta min th 
typical case which has been considered, produced 
the body without an intervenine ceneral 
1\ any nvervening eenerai Contra ahim 


whole. 


currents. 


rest the body transverse the curt direct 
shown 
turns its point attachment 
the line the current with the whole body 
Usually immediately after the animal 
+} } mit +> +] + 
change their reiations the direction the current 
change occurs the cathode and anode phenome 
pear and the tentacics DCC or icss cxtended and remail 
Atter orientation compiete the tentacies become more 
turned back over the oral end the body, 
} } +} } ‘ ‘ 
bending the body into line with the current the rea 
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The deviations form reaction from this typical case are num 
erous, but for the most part they fall under two main classes, which 


may distinguished follows: (a) those reactions which 


eral contraction response appears before, during the early 


the orienting process, and (b) the reactions the 
comes oriented before the remainder the body. 

verbal economy and convenience may refer 

which has been described above, Reaction 

will now consider some detail the two classes 


reaction, 


from the typica 
first these methods reaction usually takes place 
stronger currents although the case many individuals 
] 
i 


only form special reaction which occurs even the 


tion the typical case, but 


way. \\ hen 


extended 


the current 


from 

orienting 
contracted turns quite rapidly about the foot 
through the posi i ‘ig, until it becomes 
(Fig. then extends and its subsequent reactions 
those described above for the method orients 
animal faster than any other, many cases the time 
between the making the current and complete 
being more than twenty thirty seconds. apparently, like 


Reaction due contraction the anode side, but this case 


the special orienting contraction the foot and more rapid 


than the former reaction. There special reaction the 
tentacles since they contract suddenly 


pletely at the same time with the bi dy 


second important case variation from the typical method 


| 
ven 
sake 
ical 
Case 
h+] 
liec- 
the same sort of an orienta 
| 
tne ahnimai 1S 
4 a 
q 
4 
4 
q 
4 
»t} ] > q 
t 


ously 


Al 


been described. At the time ol ¢ t t 1 
the anode, just the whoie 
swinging of the toot w e the tot thre Or 
nearly in original ition, vives t 
foot has turned this way neariy rientat 
o1ves the veneral contraction rea tion ¢] €) 
bending the head end described for the 
time f the r4] ntra 
time of the generai contra 
described for 
giving the typical reaction 
evidently 
| 
of somewhat the same il 
acter II, except 
that the general contraction 
not immediately tollow 
the making the current 
The essential dllierel Cc Ot to 
hi: ] +} +} 
this trom ali other meth 
4 \ } 
’ point of attachment as a centre. When. the iden enel 
traction occurs, the animai that its 
forms the ame angie with the direction the 
the foot region had previ ll mttained. In other words t ( t! 
» i 
tion the curve the body without 
three general types reaction above 
apparent that the three types have one point common, 
i that orientation vith the oral « i toward the pI 
] } ‘ } 
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considered variants from single reaction. and 


depend upon something different the organization 


the individuals exhibiting them. They both take place 


same strength current, some individuals showing Reaction and 
others Keaction III. the other hand, seems 
response depending the action current greater intensity 


than the weakest effective current. The same may the 


weakest effective current orient Reaction and, stronger 
current, Reaction reason for distinguishing Reaction 
the fact that the case some individuals impossible 
regulate the current produce orienting response any 
sort. 

The three general forms reaction which have described seem 
depend way the strength the current, but the 
particular current which produces them varies with different individ 


uals. The closeness the relation the form reaction these 


Zero 


contraction. 


two factors, the individual and the current intensity, shown 
fact that some individuals impossible produce speci 
orienting reaction the most delicate gradation the current. 
current strong enough effective results sudden, violent and 
continuous contraction without orientation Reaction 
certain range current intensity within which orientation occurs 
one type another reaction, but this range varies very much 
among individuals. This may shown graphically Fig. 
which the line represents the whole range current intensity, 
and the portion represents that range within which orienta 
ion occurs. For different individuals the end values and may 
approach each other indicated the dotted lines, and 
till some cases they may coincide and then that individual will 
not show any special orienting reaction. 

minor importance are the variations from the types. These 
are due spontaneous and secondary contractions the body occur- 
ring the same time the special orienting reaction. Such varia- 
tions are very wide range and universal occurrence, or, expressed 


another way, two individuals react the current precisely 


—— 


4 
4 
q 
4 
URE Diagram show the relation the reactions the current intensity 
q 
€ q 
7 
. 
4 
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right 

phenomena Occl 


tion 


and foot 
orientation occurs. 


becomes fixed, or 


striking 


orientation 


end which 


loosened 
fastened the 
which has been descril 
Sucl 


Orientation 

orientation 

its position. 

which 

the same 

near the head, whi 


into line with the current 


¢ h La he ] 
though the head were 


i 


ce 


essential fact, however, contract 
Special reactions unattached Hydras. the time 
foot end is not attach il DeTore al 
the direction the current, 
Ir as in the cases St Gescl IS « 
| the anode side, but in the unattached at } u 
forms bow with the concavity towards the 
to move no further re ti t 
however, either the oral the 
t If it is the foot , 
movement, orientation produced 
reaction of amattached individual 
It frequently Nappens tha ne 
attachment Hydra becomes 
tacies become 
ate in the way 
11 1 
ed by Zykott.! ut 
to the current 
q being fixed, the rest of the body swings about that a cntre lhe 
necessary mechnahicai resuit Ol this IS the mai 
oriented with the oral end toward the cathode 
changes observed this process some cases shown 
7 IS a SIOW process, aS Delore Ul compiet 
body is attained the oral end 1 ( ( 
mplished by t e movements of ti tentacie 
ms and points of attachment tot 
q StS 1n Ne proces \Itel tiie nima 
af 
stays the same position quite 
toward the anode. 
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General contraction reaction. current more than certain 
intensity passed through the transverse position there 
results immediate, strong, general contraction the whole body 
including the tentacles (Fig. This the same sort rea 
tion produced stimulating the animal mechanically any 
the environmental conditions. has been 


way suddenly changing 
pointed out the discussion the special reactions this general 
contraction may precede, occur various stages during the pro 
cess orientation. strong currents, however, orientation does not 
usually follow the general contraction reaction. The animal having 
contracted 
remains that 
condition, without 
further change, till 
death ensues. This 
seems mean 
stimulus 
calls forth such 
response that there 
possibility 
polar Ori- 
contraction 
the already 
mally respond 
contractile 
<As 
case the special orienting reaction the minimal current intensity 
which will produce the general’ contraction with 
different course, case the general reaction there 
upper limit current intensity beyond which the response 


longer produced, as, the stronger the current, the stronger the 


produced. 


general contraction reaction follows primarily sudden change 
environmental conditions. This can very well shown the use 


the current, for, the current very gradually raised intensity 


from zero, slowly turning the rheostat, the intensity which the 
general contraction appears considerably greater than the circuit 
had been suddenly closed. other words, gradually increased 


> 
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* q 
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Reaction Hydra when the 
direction the current. 


to the 


tractions whicl 
unstimulated 


appears 


After 


whether the c! 


phasize the fact that regardless of | \ radually the inte { t 
} +1 + 
In ail CASCS. It may noted at this | t 
current whether that intensity rad 
} 7 +} t 
shall next consider the reactions animals 
with reference the direction the current, and 
attached extended transversely the directi 
+ ¢ +] ] 4} 
by a local contraction on the anode | t 
remaining this contraction results vith 
end toward the anode tentacles extended 
current contract. in nattached Ving ft ( 
current, reacts in the same way by a contraction on. the ! ie 
adilferent circumstances In currents a a tain intel ty, 
to the electrodes. 
: When the oral end is toward the cathode the ma ol a current 
gives the sudden, general contraction response. some cases 
time between the making the current and the 
great that was Impossibie tell ther the rea 
: was induced by the current or was merely one of the eneral cot 
at irequent and somewhat rr Crvais In a 
animal Usually, howeve conti tio 
seconds to a allel Cit Ol Lie 
+ } ! ‘ +} 
for short time the body extends 
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When the oral end toward the anode the time making the 
current the reaction the same form, the general contraction 


but the contraction occurs almost every case immediately, any 
strength current which effective. very sluggish anima 
those which had been for some time under the influence the 
current there was sometimes interval from three six seconds 
between the making very weak current and the contraction. 


medium and strong currents the reaction was always immediate. Com- 
plete extension does not occur once after the contraction. 


animal begins extending, but immediately stimulated another 
contraction, that often the result sort rhythmical shortening 
and lengthening the This reaction the same has already 
been described for animals which have attained orientation from 
transverse 

animal shows tendency turn into 


} 1 


the oral end toward the anode when this end toward the cathode 


about con 


iere IS ne anode side but 


what would expected, since oricntation 
traction the anode side, and this case 
anode end the body; and, has been stated above, there 
observable polar difference contraction when the animal line 
with the current. 

evidently only one form reaction when the long axis 
the body parallel the direction the current, the general 
contraction response, ‘The only between the effect when 
the oral end toward the anode and when toward 
that the former case the reaction does not occur for 
able time after the current has been passing, while the 
the contraction immediate. The only trace special reaction was 
found the fact that the tentacles very weak currents have ten 


dency show contraction the cathode side. This results differ 


ent position the tentacles according the oral end toward the 
anode the cathode. When the oral end toward the anode the 
tentacles are bent back over the body while with the oral 
end toward the cathode they stretch out front will 
readily seen that these results are due contraction the ten- 
tacles the cathode side. This special reaction the tentacles 
occurs only currents too weak cause the violent general con- 
traction and some individuals does not appear all, evidently 


because the individual not the current 


q 
4 
q 
q 
7 
q 
| 
4 7 


The Reactions 


in such a way as to make the reacti 
enon usually seen after animal 
way provi led the tentacles are not 
Reactions separated pieces the 
was made using parts the body 
cuts. most cases the animal 


body are given whole animal 
current contract, those the 
traction, and reacting weaker curt 


The body shows contraction 


body 


usually produce orientation, but have 


oral pleces become oriented with tl} 


has already been described for a no 
tached. The anode contr tion of an 
localized the point just behind 


contraction complete individual 


of an oral pie e extended with the 


are the same those comple 


Such niece ] + ¢ 
such preces cdo not ) Cin 
i i 


normal complete animal. 


the aboral half the animal orie 


tion contraction the anode 


current direction were essentia 


form sort physiological equi 


words, the body the animal, lea 


cles, not structurally 


affected the current modify 


vided they are operation brough 
orienting and 
made elements essentially alike 


there central controlling factor 


system, that when any part the 


the current have the same 
stimulus and the same reaction 


that reference made merely the 
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nomena and not the disintegration, which, being 


mechanically conditioned its form the 


body which disintegrating 


Reactions the experiment 
buds was evident that, after the bud 


degree parent and bud are 
their reactions. This fact has been noted by Zoja.! 


ence very well shown placing animal the 


The arrangement such that the oral 


animal toward the cathode, which position, 
there immediate contraction, while the bud 


approximate orientation the bud without 
any way. The bud reacts independent animal 


tracts the anode side int just above its place 


parent and exhibi the tentacles like 


adult. The 
more sensitive than 


parent without producin contraction the 


When the bud extended with the lone axis line 
current the time making, any except the very 
currents, contraction occurs immediately, regardless 


rard the anode the cathode. 


sensitiveness the bud, because 


1 


cathode, currents weak not 
tentacles the parent animal. 

then appears that bud almost ready become detached 
the exhibits the same phenomena general contraction and 
orienting reactions would shown adult individual 
the same conditions with reference the direction the current 
The only striking difterence the two cases that the bud more 


sensitive than the adult. 


a 
| 
7 
. 
made 
Has attained a Con- 
t 
Cin 
na 
nas peen snown, 
q 
uch 
+ acquit To Dy 
as the current, and forthis 
‘ reason have no be 
abie tO produce any 
witl the 
Weakes 
q 
4 
te. I have not 1 n abie to test t effect ol the current on very young buds, on 
of a lack of material in the proper stage of development. 
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The effect very 


Current intensity relations 


use has been mad 


giving more 


body. Following this, occurring 
axis Of the body 1s t 1 it al >to t 
sharp secondary contraction on the é 
animal signty toward cat | ) | 
F vigorous contr tio ise in t t t . t 
sense trom that in which the itaphori W t 
it and trom that in which th catapnor i ! 
physical action the current After this cat 
In case the axis the bOdY Is In 
11h With the curren \ he moment of / 
contraction occurs a > Imi \ 
traction as belors 
two phases, one, the elfect rn t t 
partial emptyll ol rF contel 
invisible. The entoderm cells undergo almost complet rat 
disintegration the present time, but futu 
qdescrive Cire phenomenon More ] \ il \ ¥¢ 
‘ general probiem of the effect of electricity o1 | piasm 
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found the fact that has already been brought out, namely, 
that there large amount variation among different individuals 
the way they are affected the current. close measurements 
possible the current have been made and recorded many experi 
ments, but their introduction into account the phenomena would 
mean the addition mass detail which would really very 
little value one wishing repeat the experiments. most use 
ful method giving expression the intensity relations 
defining terms the limiting values the words weak,” 
and used, and turthermore making com- 


parisons with some common form lik 


Paramecium which shows well 
defined reactions the current. This will enable any one, having 
fulfilled the conditions necessary obtaining the reaction Para 
mecium, repeat experiments other organisms 

limiting values the terms weak,” medium,” and strong 
here used are follows: weak,” intensities less than 
“medium,” intensities between and and intensities 
of over 20 é 

comparing the reactions Ilydra with those Paramecium 
with reference current intensity may stated general rule 
that viridis more sensitive the current than Paramecium. 
Under the same conditions the orientation Hydra after the type 
occurs currents from one half three fourths 
the intensity necessary produce well-marked movement 
mecia toward the cathode. Correspondingly, the intensity which 
disintegration phenomena become apparent case lower, 
about the same amount, than Paramecium. 

reasons which have been stated elsewhere (p. 308) apply- 
ing the current absolutely necessary have some 
means whereby very gradations the current int nsity may 


obtained 


The effects breaking and reversing the position 
the animal have been able detect any break when the 
circuit was opened, The animal simply renews its normal activities 
after the cessation the action the current. sudden change 


intensity environmental conditions from strong stimulation 
normal conditions this case does not cause any sharp reaction. 

the direction the current usually causes the sudden, 
general contraction reaction. The only exceptions this are cases 


two sorts: first, those which very weak current acting 
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4 

‘ 7 
4 
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somewhat resistant animal with the oral end 
such cases the reversal (bringing the oral end towa cat 
does not most instances cause the contraction. The 
of cases inciudes those animals which rea un! ¢ 
Often under such cond the only effect 
animal conti tin n tl new a i side, Wit it te 
general contraction 
discussing the results gained from 
examine first the reiation between the the 
rent, and its reactions other 
j It is evident from the Ss 1 rded that ivara ) 
distinct sorts reaction the current. One these 
zed, vioient contraction ot wma iS a whol i th 
orienting reaction. These two forms response may 
ered more detail 
above a certain intensity IS, 8 lar as can e deter ! \ 
: whenever there 1s a mor or ies Ma n 
conditions character the environmental chan 
more or ie@ss Violent Stimulus. tS tie Start Wl the a 
gives when unduly may compared with 
such circumstances 1s not essentialiy different 
suddenly struck, dashed with cold 
tion the not due the distinctive phy erties 
current as such 
The second the reactions urrent, the 
such way brn the long axis into 
not due toa change the 
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reaction the Ilydra apparently only partially 
other words, when the animal the orienting reaction 
case when gives the general contraction response. part the 
muscular mechanism (that the anode side the case the body) 


set activity without stimulating the whole animal. pursue 
the reactions human being the current, 


the comparison wit 


may consider this orienting response correspond the exces- 


sive and purely involuntary contraction the muscles the hands 


grasping the under the action strong current. 


action the man, necessarily depending upon his being stimulated 
asa whole 
comparison may made certain extent between the two 


sorts reaction the current the case Hydra, and what have 


found for the infusoria may consider the general con 


traction response corresponding the motor retlex 


factor the reactions the The point common that 
both reactions are given response variety stimuli and are 
not peculiar the action the current orienti 
the electrotaxis the infusoria. The point common that both 
are due local effects bearing definite relations the the 
electric the case the infusoria this local effect expressed 
the reversal the cilia the cathode side, while the 
expression found the contraction the body the anode 
evidence now hand does not warrant the conclusion that these 
two factors the case Hydra and the infusoria are 


cally the same, but the hand, there are some impo 


features common both 


point some theoretical interest connection with the 
ing phenomena the case Ilydra, the fact that the orientin 

process brings the animal into that position where most strongly 
stimulated, ¢., with the oral end toward the anode. 
shown the section the reaction when the longitudinal axis 
line with the current direction, the organism least stimulated 
when the oral end toward the cathode, and most stimulated the 
position, The orienting process is, however, always 


same kind the oral end toward the anode cathod 
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: essential clement m tl Orientin res i i 
i least, has been well brought out y in. nis on | 
according as it 1S Crawiing or swimming, the reactior ma 
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he mechanical reiations of th organism to Dat 
ssibie that 1t may be found to bea general ruje that 1 
the source the stimulus secondary, and that the pri 
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addition the orienting reaction the current, there 
general contraction response. 


When line with the current reacts general 


contraction, being apparently more strongly stimulated when the oral 
end toward the anode. 


The tentacles show contraction phenomena the cathode 


pieces the body react essentially the same way 
whole 
Buds and parent animals are independent their reactions. 
The buds show essentially the same reactions adults. 
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has already been that when the black pigment horse 
hair treated turn with concentrated 
and melted potassium hydroxide substance survives which, aside 
from its freedom from sulphur, characterized all the properties 
which are accustomed ascribe the melaninic 
scarcely conceivable that the material obtained such process 
can contaminated any constituent the tissue which 
found, least any well known constituent, the 
should serve excellent material for investigation the decom 
position products the pigment; for case decomposition product 
obtained, cannot attributed the decomposition adherent 
proteids, but must referred the pigment itself 
This especially important, since, through the researches 
Nencki,’ Chittenden and the 
might expect find closely related not identical decomposition 
products the case both classes compounds 
The method which the material for this work was prepared does 
not differ essentially from our 
Special precautions, however, were observed order insure the 
freedom the pigment from any trace fat fatty acid; and 
had reason suspect that previous failures find decomposition 
products were due some measure the use insufficient 
quantity material, estimation the carbon was made 


measured portion the pigment were thus obtained 


SCHMIEDEBERG: Archiv fur experimentelle Pathologie und 
1897, XXXIX, 
NENCKI: Berichte der deutschen chemischen Gesellschatt. 1Sq5. xxv 
560. 
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which showed how much pigment was involved any one experiment 
and which served basis for the quantitative estimations that will 
described. 


THe OXIDATION. 


comparatively large portion melaninic acid was alternately 
dissolved dilute caustic reprecipitated with small amount 
very dilute hydrochloric acid until the wash liquid contained only 
quantity salt and very slight excess acid. the 
last precipitation the material was allowed settle several days, the 
liquid was closely siphoned off and portion the well 
mixed pigment mud was placed weighed filter paper and allowed 
drain until the pigment had scaled off the paper. The pigment 
was then dried constant weight 105 degrees, and the part 
that could easily removed from the paper was ground agate 
mortar. weighed portion the material was submitted 
elementary organic analysis and obvious calculation was 
found that one cubic centimetre the emulsion contained quantity 
melaninic acid that corresponds 0.00195 gram carbon 

portion the same pigment mass was treated with very dilute 
solution caustic soda small successive portions and from time 
time drop the material was removed and tested with litmus 
The reaction the fluid which was the beginning acid due the 
presence trace hydrochloric acid, soon became neutral, and 
continued neutral until quantity alkali had been added which 
was sufficient for the complete solution the pigment. When the 
material had become faintly alkaline, small successive portions 
per cent solution potassium permanganate were added. The 
first portion was immediately reduced and manganese dioxide was 
but subsequently the reduction ceased and testing 
with litmus the liquid was found longer alkaline. Upon 
adding few drops alkali, the reduction the permanganate con- 
tinued and manganese dioxide was thrown down. This alternate 
addition permanganate and alkali was continued until the solution 
showed permanent chameleon color from slight excess perman 
ganate, when was found that the total amount alkali that was 
necessary maintain alkaline reaction was about twice that 
required for the solution the pigment. Immediate reduction 


permanganate the pigment the cold therefore occurs only 
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the Oxidation Native Pigments 


alkaline fluid and the alkalinity the material diminished 
the reaction. 

the results which shall describe are obtained all, 
important note that the alkalinity the material should not 
initially too great, for such case the permanganate immediately 
changed the green manganate which entirely ineth 
cient for the oxidation the every experiment there 
fore that shall described the pigment was treated the beginning 
with twice the quantity sodium hydroxide that was required 
effect its solution. should happen that too great quantity 
of alkali is used, the error will be shown by the green Color of the 
solution after permanganate has been added, and can 
the addition trace hydrochloric acid. the other hand, 
should precipitate manganese dioxide occur after eight ten 
minutes certain that the material not alkaline and trace 
alkali should added 

Ten portions the pigment mixture were treated with the proper 
amount alkali and different amount two per cent perman- 
ganate solution was added each (see every instance 
the addition permanganate reduced the alkalinity the mixture. 
the end minutes the entire solution became gelatinous, 
due the formation clot manganese dioxide hydrate; but 
agitation the precipitate became flocculent and quickly subsided, 
that examination the liquid could every one the 
ten experiments the solution became again intensely alkaline and 
the color was brown excess undecomposed pigment 
chameleon from excess permanganate. the 
oxidation the pigment continues, that solutions containing 
permanganate excess soon become cloudy, and finally 
chameleon color altogether 

results given the accompanying table show that solu 
tion certain definite alkalinity the pigment acted upon imme 
diately relatively large quantity potassium permanganate and 
that the acidity the product about twice great that the 
pigment itself; that subsequently second reaction occurs which 
manganese dioxide thrown out and the alkalinity the products 
thereby markedly increased; and that slower oxidation follows 
more than three times much permanganate being 
the first five minutes the succeeding hours. 


1 


were first inclined the opinion that the material with whicl 
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these experiments were made was mixture least three different 
substances, one which constituted the greatest mass the pig- 
ment and was immediately oxidized, second was present much 
smaller amount and was more slowly oxidized, while third existed 
only traces and was incapable oxidation permanganate. 
The following experiment, however, shows this but 
instance the failure chemical process reach completion 
account the accumulation the products the reaction 
comparatively large portion pigment was treated 


Color Color 


Color of the Color of the After acidifying 
the solu- the solu 
nent solution after solution atter filtered solution 
used. = clot had a standing 2U0 with hydrochloric 
¥ four hours 45 hours 


l 10 4S Dark brown Voluminous precip 
Itate of pigment 


| 
pitation ot a 
small quantity of 
10 3.8 Chameleon Brown | pigm 
| el 
6 10 O63 Chameleon Chameleon Yellow 


a small quantity 
pigment 


hameleon Chameleon Chameleon 
) standing 


hameleon Chameleon Chameleon 


Chameleon 


hameleon 


Chameleon 


hameleon 


‘hameleon 


ment the series given above, and after all the permanganate had 
been reduced, the manganese dioxide was filtered off and the fil- 
trate acidified with hydrochloric acid. The unoxidized pigment that 
was precipitated was purified alternate solution dilute alkali 
with acid. After finally dissolving the stated 
quantity alkali was found reduce permanganate immediately, 
the reaction exhibiting all the phenomena that have been noted 
connection with the original pigment. 

has already been shown that the complete oxidation this 
pigment alkaline solution with chlorine only such simple sub- 
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stances carbon dioxide and ammonia are This, taken 
connection with numerous failures any organic com 
pound when the oxidation had been conducted Experiments 
and 10, especially where the excess permanganate was 
removed after acidifying, led Experiment the one most 


likely successful. 
SEPARATION THE PRODUCTS 


quantity pigment emulsion which contained 10.6 grams 
dry pigment was treated ten portions the method 
above Experiment each experiment the phenomena already 
noted were produced, viz., the immediate increase acidity after the 
permanganate had been added, the marked increase alkalinity 
the clot formed and the subsequent slow reduction the excess 
permanganate. standing over night the manganese dioxide 
was filtered off and the united filtrates markedly acidified with 
hydrochloric acid. brown flocculent precipitate undecomposed 
pigment was thrown out, leaving dark 
filtering, large excess barium chloride was added, which formed 
additional very dark brown red liquid was then 
filtered, and after the hydrochloric acid had been nearly neutralized 
with caustic soda, the material was allowed stand tor several 
days. The bulky yellow precipitate which had been 
tinually increasing amount the acidity the solution was reduced 
could now seen consist two distinct kinds material. 
one yellow bulky substance which had tendency 
settle when disturbed, and the other heavy granular substance 
which adhered the sides and bottom the vessel that separa 
tion the two substances decantation could easily made 

The flocculent portion the barium The light yellow 
material was filtered off and extracted successively with 
cent, one per cent, and two per cent hydrochloric acid. 
insoluble two per cent acid was very dark brown; the precipitate 
obtained nearly neutralizing the two per cent hydrochloric acid 
from the one per cent acid was yellow, while the one-half 
per cent hydrochloric acid gave which 
colored. the precipitates were light all con 


tained both nitrogen and barium, and all were thrown down trom acid 
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solution alkali before the neutral point was reached. 
each acid solution that had been reserved was decolorized far 
possible with animal charcoal and afterwards neutralized with sodium 
hydroxide. ‘The two per cent acid solution gave precipitate all, 
the one per cent acid solution small yellow precipitate while the 
one-half per cent acid solution gave considerable amount straw- 
yellow barium compound. ‘Thus the original brown pigment, which 
precipitated from its alkaline solution the slightest excess 
hydrochloric acid and whose black barium compound not soluble 
appreciable extent five per cent hydrochloric acid, oxidized 
with the greatest ease potassium permanganate giving rise 
succession products. Those formed the earlier stages the 
oxidation are dark color, difficultly soluble hydrochloric acid, 
rich nitrogen and they yield barium compounds which are also 
difficultly soluble hydrochloric acid. the other hand, the more 
completely oxidized products formed the later stages the oxida 
tion are light color, easily soluble hydrochloric acid, poor 


nitrogen and yield pale-colored barium compounds that are easily 


soluble hydrochloric acid. These experiments furnish partial 


explanation least the general failure among physiological chem 
ists obtain concordant analytical results, even when dealing with 
pigments the same origin; for substance which easily 
goes oxidation might take oxygen alkaline solution from the 
and the composition the substance precipitated from such solu 
tion would depend entirely upon the amount hydrochloric acid that 
used for the precipitation. 

The granular portion the barium precipitate. The granular 
tion the barium precipitate was detached from the sides the 
vessel, washed with water decantation until all traces flocculent 
material had been removed, dried with alcohol and ether. 
The substance was gritty, pale yellow color, and was seen under the 
microscope consist irregular grains. was finely ground and 
extracted the cold with two per cent hydrochloric acid. The acid 
solution with animal charcoal until all color had been re- 
moved and the acidity was reduced with sodium hydroxide, but the 
addition the alkali was discontinued before the neutral point was 
reached. <A_ perfectly white precipitate 
which was voluminous that scarcely any interstitial liquid could 
seen. Upon standing few moments the bulky precipitate disap 
peared, and the bottom the vessel was seen small amount 
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The following experiment lends high degree probability the 
conclusion that the substance analyzed mixture the two salts 
named. 

very dilute solution ammonium oxalate was treated with barium 


chloride and the barium oxalate which was precipitated was thoroughly 


washed and dissolved boiling two per cent hydrochloric acid. 
adding sodium hydroxide insufficient amount for the complete neu- 
tralization the acid, light flocculent precipitate was produced 
which few minutes assumed granular form and settled rapidly 
leaving perfectly clear and highly acid liquid. The precipitate was 
washed until free from chlorine and dried with alcohol 
The analysis three such preparations shows that under these con 
ditions salt variable composition precipitated and difficult 
imagine how simple case the variation composition could 
due any cause other than the precipitation variable amounts 
the two oxalates barium. 


gave 0.1774 gram BaSO, 

gram gave 0.1658 gram 

for Theoretical for Found 
oxalate bioxalate I] 


56.35 39-0; 53-50 50.07 


was stated that the granular barium precipitate only partly 
soluble cold two per cent hydrochloric insoluble por 
tion was treated with boiling two per cent hydrochloric 
the solution decolorized with animal charcoal. cooling, perfectly 
white crystalline material deposited which consists network 
beautiful prisms. When the compound recrystallized from more 
concentrated solution two per cent hydrochloric acid forms fine 
needles. After recrystallization the material was washed with water 
until all chlorine had been removed, then with alcohol and ether. 
The analysis shows that pure barium 


ram 


gram gave 0.0925 gram and 0.0285 
gram gave 0.1397 gram 

gram lost 0.0215 gram heating. 


gram lost 0.0204 gram heating. 
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Having found that oxalic acid one the principal 


ne 


ditions can converted into oxalic acid. ugh estimat 


the quantity the two barium hat have been 
led the conelusion that least twelve per 


number is, course, too low, for account taken 


material which are known have occurred, 


were not made under conditions which might 


to make an accurate quantitative estimation; tor, as already 
the pigment does not undergo complete oxidation when the 


oxidation are allowed accumulate. is, moreover, 


tity pigment which dragged down the precipitated mat 
dioxide and escapes oxidation, for after washing this precipitate 


A 


times with boiling water, yields ammonia large amoun 


heated with caustic soda Nevertheless, it « be shown that a 


per cent the carbon the pigment changed 


alkaline solution plgment was prepared strength 
for the oxidation, and estimation the carbon the pigment cor 
tained measured portion the solution was made the 
outlined the beginning the paper. number equ 
this alkaline solution were treated with various 
manganate and allowed stand for forty-eight hours 
for analysis was selected from the vessel which still 


permanganate. The solution was fro 


, 
Pheoretical for 
Balt (ClO, 
| 1\ \ \ 
Cc 13.67 L360 13.39 
17] 1.71 
what part the carbon the pigment under most favorable 
hased 
los 
produce 
roduct 
4 i 
7 


330 Walter Jones and John Auer. 


dioxide. The latter was then extracted with boiling water which 
showed its deep brown color that large quantity pigment was 
contained the manganese precipitate. The precipitate was extracted 
several times with boiling water, and extract was highly colored 
until all the alkali had been dissolved out, when the 
cipitate still contained pigment since produced pyrrol when heated 
alone and ammonia when heated with This loss pigment 
might have been partly avoided making the oxidation the boil 
ing point method was not employed, however, for the reason 
that spite the common statements that oxalic acid exerts 
reducing action permanganate alkaline solution, were able 
show that manganese dioxide copiously precipitated 


) 
i 


boiling solution potassium permanganate upon the addition 
solution ammonium oxalate which few drops caustic soda 
had been vided 

alkaline filtrate, which still contained ace potassium 
permanganate, was treated the cold with few drops dilute 


~ 


solution ferrous ammonium sulphate, and after filtering off the 
precipitate manganese dioxide and iron hydroxide, the yellow solu- 
lon was completely decolorized with animal charcoal. 
then measured out for the determination the oxalic 
‘se was acidified with acid and treated with 


calcium chloride. The precipitate calcium oxalate 


washed tl 


titrated with standard solution 


second was also acidified with acetic acid and the oxalic acid 


precipitated with calcium chloride. The oxaiate was washed, 


dissolved dilute hloric acid, filtered from 

substance (probably silica) and precipitated the 
ammonia. The calcium oxalate was filtered, washed, dried, inciner- 
ated, and weighed obvious calculation was 


found the first experiment that 20.5 per cent and the second 


21.3 per cent the carbon the pigment had been oxidized 


oxalic acid, 

view the fact that many substances yield oxalic acid 
oxidation, little consequence that this animal pigment 
added the list. But when consider how few substances yield 


oxalic acid oxidation with permanganate cold alkaline solution, 


and that least one-fifth the carbon this pigment trans- 


formed, would seem that have this reaction unmistakable 
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strong sulphuric acid, and after diluting, the material was made alka- 
line with ammonia without any change color. the other hand, 
the residue, when heated dry, develops strong odor hair, 


and the fumes yield marked reaction with pine splinter 


which has been moistened with hydrochloric acid. portion 
the residue was dissolved sodium hydroxide and evaporated 
dryness. The residue was free from ammonium salts, but con- 
tained nitrogen, and solution the residue water holds copper 
hydroxide solution with bluish green This work, there- 
fore, taken connection with the researches cited, indicates with 
some degree probability that the pigments are related the pro- 
teids, and that the pigments the predominant grouping 
which the proteids gives rise the aliphatic amido acids. 
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STUDIES THE INFLUENCE 
SPINAL CORD RABBITS 


HARI 


objects this research were determine 
strychnine may produced, and tind 
exact portions the spinal cord upon which this dri 
chief effect. 

first step was obtain perfectly healthy rabbits and 
mine what might called the convulsive poisonous dose 

the result series experiments was found 
weighing from 1500 2100 grams, average 172 rams 
received 0.0006 gram strychnine sulphate into the 
subcutaneous tissues two inches below the spine the 
sions did not was confirmed another series experi- 
ments which rabbits weighing from 1750 2300 
average 2010 grams, received similar manner 0.0008 
strychnine without producing convulsions, the dose per gram body 
weight being somewhat larger than the first Although these 


rabbits the second series were not convulsed, they were evidently 


distinctly affected these doses, shown the period absolute 


quiet followed excessive extension the hind legs when they 
moved. Evidently impulse was irradiated from the spinal cord 
excess the needs the intended rabbits seemed 
the border-line spinal explosion. 

That the dose from 0.0008 gram strychnine about 
grams body weight near the convulsive dose 
fact that third series experiments, when rabbits weighing trom 
gram strychnine, the same manner before, all were convulsed 
and one weighing 1800 grams would seem certain, therefore, 
that strychnine sulphate given hypodermically into 
the side back will cause convulsions when given the dose 
about 0.00085 0.0009 gram rabbit weighing about 2000 gram 


This rendered still more certain another series experiment 
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we 


which 0.0006 gram given rabbits weighing from goo 1200 
grams, average 1050 grams, caused convulsions followed 
death 

convulsive dose being approximately determined, attempt 
was made produce immunity repeated doses. Another set 
rabbits weighing from 1780 2420 grams average 2100 
grams now received strychnine during period one week; the 


dose began with 0.00015 gram, and increased follows: 


Oct ich ral t received gram 
3 0.0002 
+ F 0.00035 
6 
O.Q005 


doses did not produce convulsions any case; but the last 
dose 0.0006 gram caused distinct reflex excitability 
the smaller rabbits, weighing respectively 1780, 1800 and 2100 grams 
two heavier ones, weighing 2400 and 2420 grams, showed in- 
creased respiratory activity. noteworthy that the results from 
the dose 0.0006 gram given rabbits weighing about 2100 grams, 
which had received increasing doses, caused more marked excitement 
than did 0.0006 gram given rabbits weighing about 1720 grams 
which had received but one dose the drug, or, other words, the 
use frequently repeated increasing doses increased the suscepti 
bility very distinctly 

After two days’ interval rabbits which had been receiving increas- 
ing doses 0.0008 gram were given 0.0006 gram. This caused still 
greater evidence increased reflex irritability the larger rabbits. 
and convulsions those weighing from 1780 2100 grams. Two 
days later they all received second dose 0.0008 gram which 
caused convulsions all except one weighing 2420 grams, which, 
however, seemed just the border-line convulsion. dose 
killed the two rabbits weighing 1700 and 1800 evident, 
therefore, that the frequent repetition the doses increases rather 
than decreases the susceptibility the drug, for 0.0008 gram 
strychnine 2100 grams body weight caused death all but one 
the animals, while the dose 0.0008 gram 2010 


weight without previous use the drug did not cause convulsions 


that the increasing doses might have been too frequently 
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ing caused exhaustion the cord violent impulses, 
duce paraplegia which would lasting till the drug was eliminated 
Again, would supposed the cord was exhausted temporarily 
the convulsion that soon recovered would again 
but this was not the case, already stated. The storm 
comes and gone few seconds, yet when repeated doses are 
given, the susceptibility increased. 

The spinal cord number the animals used the present 
investigation was examined method Dr. Simon Flexner, 
whom under very great obligation for his interest and trouble. 
Dr. Flexner and the writer were anxious discover whether any 
demonstrable change took place cells which had 
been powerfully affected strychnine. Dr. Flexner found that the 
changes the nerve cells, far they are demonstrable 
method staining, are slight degree. majority cells 
showed perfectly normal form and arrangement 
granules. small number cells showed slight central chromo- 
tolysis with partial migration the nucleus toward the periphery 
the cell. instance was the nucleus immediate contact 
with the wall the cell, and the only cells which showed any 
change whatever were the cells the anterior horns. The cells 
the intervertebral ganglion were normal. 

These experiments are interest several the first 
place they seem prove that immunity strychnine not pro 
duced increasing doses, secondly, that for this reason physicians 
who desire give full doses this drug may once without 
fear producing over-etfects, since increasing doses not, has 
been thought, enable the patient take more than the ordinary 
individual may take with safety. 

Again, the experiments are of.interest respect certain work 
recently done several investigators, notably, Czyhlarz and 
Donath, and Meltzer and Von Czyhlarz and Donath 
concluded the result their experiments that the tissues the 
body have the power rendering poison, notably strychnine, inac 
tive causing its fixation the tissues, perhaps destroying 
locally, provided its rapid absorption and transference elsewhere 
not speedily accomplished. Meltzer and Langmann contradict 
this and claim that the poison injected into part, and then 
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prevented from being absorbed into the general system, 
longation life after the reception normally 
produced interference with ultimate absorption the 


ligature. cannot denied that part both sets observers 


are correct, far the delay the production 
concerned; but would seem probable that the power the body 
oxidize poison its capillary networks ought not 
ignored. The studies Lautenbach many years ago certainly 


seem show this. Recently Faust! 


experiments that the ability withstand doses 
depends not much upon blunting the nervous system upon 
becoming accustomed the drug, upon 
eliminate the drug from the body. 

did not find any the experiments that the por 
tion the body was more affected than the posterior portion, except, 
course, that the head was markedly mention this 


because study number papers published strychnine 


during the last fifty years reveals paper Girard? which 


Schiff quoted stating that the cramp begins the anterior 
extremities, statement also made Mayer but contradicted 
correct. The results these experiments tabulated 


seem show that the anterior segment the spinal even 
the toxic action strychnine time when the parts 
appear 

Instead finding that the strychnine affected the 
part the body the early part the seizure, found that 
affected the hind legs very promptly, and that the exhaustion 
alysis these parts was marked, whereas the anterior 
speedily regained their power. This accord with 
statement that the frog after the convulsions reflex excitability 


remains the anterior parts after lost the posterior parts 


Faust: Archiv fur experimentelle Pathologie und Pharmakologie, tgoo, 
217. 
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AND THE INFLUENCE UPON VARIOUS 
MEDIA. 

PERCY STILES. 
the the Johns Hopkins Universit 
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Substitution other salts for NaCl 
Are these contractions neurogenic origin 
Incidental observations 


Conclusions 


INITIAL PURPOSE THE 


HIS research was undertaken with the intention testing the 
influence various substances solution upon plain muscle 
tissue, especially the musculature the alimentary canal and its 
rhythmic properties. was matter particular interest see 
whether this form contractile tissue would show the same depend- 
ence upon Na, and for its continued activity, does the heart. 
well established that cardiac muscle makes its most prolonged 
series beats when all three these elements are present suita- 
ble proportions the surrounding medium. the other hand, 
skeletal muscles placed simple NaCi solution give twitches which 
have been called rhythmic and which cease the addition either 
CaCl, Hence was desired find out whether the plain 
muscle when immersed certain baths would act like the heart 
like the skeletal muscle, manner peculiar 
The tissue chosen for study was cross-cut segment from the 
the frog. Probably any part the alimentary canal 
this animal will exhibit spontaneous movements. Schultz! has 


Archiv fur Physiologie, 1897, pp. 307, 322. 
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the Rhythmic Activity the 339 


studied those the stomach and Woodworth has employed 
and have used the entire 
agus the toad, recording its longitudinal contractions. 
present instance was soon found that the 
any other portion the canal for the purpose 
tions the stomach and intestine trace records which are commonly 
uneven and interrupted such long pauses that one cannot 
interpret them with any contrast these, the 
fibres the have remarkable rhythmic property and 


often give for hours together tracings that are uniform heart 


records. Changes the solution register their effects clearly and 
promptly such tracings. The contractions made the 

agus are much more rapid well more than those 
lower segments the alimentary canal and will shown that 
the itself the rate increases toward the pharynx 
has noted that the @sophagus gasteropod 
stronger tone characterizes the oral end and hints that may 
have more rapid spontaneous rhythm, but this 


demonstrate. very obvious the 


rule, two rings were cut from the upper part the 
agus and opened form strips which were made trace 
taneous records. The method registering was similar 
employed and Greene for strips from the terrapin heart 
and still more closely resembled that described thread 
was tied around each end the strip and was made fast below 
the tip glass rod bent dip into small 
ing-glass containing the bath. The free end was attached light 
lever split straw modified from the type used Greene. The 
lever was borne the arm Basel stand and the writing-point 
tin foil traced the lightly smoked surface drum that made 


one revolution twelve hours. 


Loc. cit. 
GREENE: This journal, 1899, ii, 


LINGLE: This journal, 1900, iv, 265 
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The ordinary precautions were observed making solutions; the 
water was distilled from glass vessels and the salts were recrystal- 
lized when point should noted here regard the 
use The fused salt more easily used because 
anhydrous and can weighed accurately. found, 
however, this laboratory, that solutions made with fused CaCl, 
often show injurious property which very likely due their 
containing trace free has therefore been customary 
make stock solution crystallized determine gravi- 
metrically its content and dilute the percentage strength 
desired. This method was followed the present work. 


THE CHARACTER THE CONTRACTIONS. 


Rate. The contractions made strips from the part the 
agus are much more rapid all their phases than those which 
Schultz describes typical the stomach and Botazzi charac- 
teristic the longitudinal fibres the authors 
give from one two minutes average period contraction 
the room temperature while the circular preparations 
experiments may make six complete contractions minute. 
unusual have both strips beat fast this. the upper 
one reaches rate six per minute, the companion strip taken 
immediately below likely contract only four five times 
the same interval. (In one case which the ratio was determined 
the upper segment contracted times while the adjacent segment 


contracted times. Another ratio observed was There 
much greater difference between the pharyngeal end the 


region adjoining the stomach, one centimetre distant small frog 


Segments thus chosen gave the following results. 


Contractions 


Lower 


distant 


Ist hour 
2d hour 3 11] 
3d hour 


4th hour 


4 

J 
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Comparison these two records shows that the contractions the 
lower segment were the more extensive, and they probably represent 
much work the first series. 

One doubt whether homologize contractions which may 
occur often six times minute with the more 
heart muscle its slower variations tone. Secondary tone- 
waves are frequently observed the and such times 
the tracing very suggestive that made the auricle sinus 
muscle the terrapin; but the contractions are longer than those 
the auricular strip the primary rhythm one fourth one halt 
that the venous end the classed the contractions 
his longitudinal preparations the cesophagus tone 
waves and the more lively movements the gasteropod 
primary beats. The contractions circular preparations 
the frog are intermediate between the two with respect rate and 
perhaps not desirable insist upon classifying them. 

Amplitude and intensity. The preparations used have been some 
They have been-found work best against tension 200-500 mg. 
Tension certainly important factor developing contractions, 
though Woodworth has shown that stomach preparations continue 
work when relieved load after-weighting. The extent 
the shortening very variable; often exceeds per cent 
the original length vigorous samples. The tracings obtained 
represented this movement multiplied times 

Small frogs have constantly given better results than larger ones 
and seasonal variation found that the spring 
the plain muscle the frog quite unsuitable for experimental uses 
This has been emphatically confirmed the present observations. 
After the first February the period spontaneous contraction 
became lessened, and with warm weather April and May 


cant work could done 


BEHAVIOR SOLUTIONS NACL AND THE EFFECTS ADDING 


0.7 per cent solution was used. Small variations 
this concentration were without evident Placed such bath 
the preparation sometimes relaxed without beating, sometimes gave 


series contractions which grew weaker and were always accom 
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panied progressive fall tone. These contractions were usually 
irregular. They seldom registered beyond the first hour, but minute 
movements might noted during three four the solu- 
tion was then made faintly alkaline the extent 0.002- 
0.01 per cent —the feeble and uneven contractions usually gained 
some strength and there was sometimes partial recovery tone. 
But the stimulating effect alkalinity the 
cesophagus agrees well with the heart, for many workers, notably 
and have shown that the heart-beat continues 
longer alkaline than neutral medium. 

CaCl, the proportion 0.015-0.03 per cent added 
the NaCl solution which strip has come rest, rise tone 
and irregular movements may induced, but not definite rhythmic 
series. 

KCl. Potassium salts, the case the heart, tend abolish 
tone and hasten the cessation the rhythmic contractions. 


BEHAVIOR MIXTURES. 


only the presence both and that the contractions con- 
tinue regular and forcible for many hours. The standard 
solution used the laboratory favorable The NaCl 
this mixture 0.7 per cent, the CaCl, 0.026 per cent and the 
003 percent. When strip, fresh from the animal’s body, sus- 
pended this solution commonly shows gradual rise tone, 
reaching maximum within twenty minutes. Near this maximum 
the rhythmic contractions begin apparent. They may very 
small first and increase for hour more before reaching their 
full force. The gain amplitude often seen both phases 
successive contractions are higher than those preceding and successive 
relaxations are more When the rhythmic beat 
established, the tone and also the height the contractions may 
remain practically unchanged for long time. The rate, 
always lowered before the next day. Sometimes, the later 
portions record, the contractions show tendency into 
groups with intervening pauses. This most noticeable toward 
spring, when the frogs are not the best condition. 


>? 


GAULE: Archiv fur Physiologie, 1878, 
Martius: Archiv fur Physiologie, 1882, 


KINGER: especially Journal physiology. pp. 29, 222; vill, 
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from the stomach contracted automatically moist chamber for 
from eighteen hours. about long the transverse 
cesophageal preparations can relied upon contract well 
unchanged bath Ringer’s solution. When strip has come rest 
may often made contract again merely substituting for the 
original mixture fresh mixture the same concentration. Perhaps 
this may because the dissolved oxygen thus brought the tissue. 
revival secured this way not likely last long. better one 
follows increase bath. successive additions the 
amount solution may brought 0.1 per cent and 
the tissue roused each addition renewed activity for hour 
two. concentrations exceeding 0.1 per cent CaCl,, the element 
seems lose its property heightening tone and its influence 
becomes depressing, not toxic. When has ceased 
active bath containing excess not notably excited 
when transferred one containing less that element simple 
NaCl solution. increasing the Ca, described, strip may 
kept activity for from thirty-six forty-four hours. rare cases 
the last named period was exceeded one strip made movements until 
the forty-ninth hour, another the the best these 
preparations not equal the terrapin heart strips the duration 
their activity. 

Effect altering the ratio The specific effect best 
studied using different amounts its chloride the presence 
constant quantity the increased above the usual 
0.03 per cent the tone lowered and the contractions reduced until 
they cease. Complete inhibition usually reached when the 
present twice the amount the Thus with 0.03 per cent 
CaCl, the tissue becomes relaxed when the exceeds 0.06 per cent. 
With per cent CaCl, much 0.1 per cent may 
required inhibit. When strip which still contracting NaCl 
solution transferred Ringer usually pauses for few minutes 
before beginning the more series inhibition 
well accounted for supposing that the K-salt diffuses into the 
tissue more rapidly than the Ca-salt, and comes temporary 
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ATTEMPTS FIND SUBSTITUTE FOR NACL THE 


series experiments was made which was aimed substi- 
tute for NaCl other compounds isotonic solution. NaCl in- 
body and useful only keeping the osmotic pressure 
the medium one may reasonably hope find one more compounds 
among the non-electrolytes capable performing this simple func- 
tion and taking its place. the present instance, the re- 
searches and such substitute was found. This 
negative result favors the inference that necessary some way 
the maintenance rhythmic activity. Yet such may 
always challenged while the number compounds studied remains 
small and while there the possibility that each one possesses 
inhibitory 

Sugars. Most these experiments were made with dextrose, 
which CaCl, and were added various proportions. When 
strip which has been active Ringer transferred dextrose 
solution (3.7 per cent) its tone usually increased for and the 
contractions become slowed and greatly augmented amplitude. 
They may continue for more than hour; but presently they cease, 
the tone falls, and the preparation rests. NaCl substituted there 
may few movements, but not noteworthy revival. Neverthe- 
less the muscle has not been injured the dextrose, for will re- 
sume powerful beat placed Ringer and one often impressed 
with the idea that the sugar has been distinctly beneficial. 

When was found that normal rhythmic beat could not main- 
tained dextrose solutions and mixtures dextrose 
solution and normal salt which.CaCl, and had been added were 
tried. was soon plain that dextrose interfered with the contrac- 
tions even when little one fourth the NaCl had been replaced 
it. This fact renders probable that dextrose has direct inhibi- 
tory action. Solutions cane-sugar and galactose appeared 


quite like dextrose their action. Strips immersed them always 
come rest spite changes the amount CaCl, and KCl 


employed. 


Festschrift, Archiv fur die gesammte 


journal. 1goo, ill, pp- 35 2. 
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Other non-electrolytes. solution glycerin isotonic with 
and containing CaCl, and was found inhibit the contractions 
immediately. The after-effect was not marked. The same true 
ethyl and methyl alcohols. Urea inhibited the beats and depressed 
the tone the preparations. 

LiCl. Less interest centred the electrolytes, and these 


one, LiCl, was tried place NaCl. The strips were found 
very tolerant LiCl, but they always came rest when the NaCl 
solution had been wholly replaced this They will 
beat, however, Ringer mixtures containing much two parts 
one NaCl, particularly the alkalinity much 0.01 
per cent 

Within the range these experiments, therefore, has 
never been made beat, except for short periods, media containin 


ATTEMPTS PROLONG ACTIVITY 


Why the strip finally comes rest the most favorable medium 
its activity hindered accumulated waste-products? The good 
effect, previously described, renewing the solution may due 
removal waste-products metabolism, but not probable that 
the katabolic products muscle should greatly affect 
15,000 c.mm. solution, unless its more natural 
suppose that fresh solution promotes activity supplying oxygen 
the tissue. seemed likely that the rhythmic activity might 
promoted and prolonged insuring abundant supply oxygen 
the preparation. ‘To test this suggestion solution was 
diluted, then boiled down its former concentration and covered with 
oil. this gas-free bath the tissue would not 
second series experiments was added toa mixture 
method recommended Bredig and von Bernick. The amount 
present was determined titration with potassium permanganate. 

was found that the presence small amount H,O, inhibits 
the strips whether the addition made early late the experi 
ment. strip ever contracted the presence per cent 
and 0.01 per cent markedly depressing. The oxygen set free 
0.03 per cent solution amounts about ten cent. 
The evidently broken the tissue, for the strip becomes 
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encrusted with bubbles the gas. This observation accord 
with the fact that excess oxygen inhibits intestinal peristalsis. 

Other experiments were made determine whether the period 
activity could extended employing Ringer’s mixtures which 
colloidal platinum was suspended. was thought possible that this 
material, which has many the properties enzymes. might act 
oxidase and that its presence might favor long-continued and 
vigorous activity the muscle. These experiments 
yielded negative results. The contractions seemed well 
the absence colloidal platinum its presence, and for 
equal length slight addition KMnQ, (0.002 per cent) 
the bath seems equally without effect, though the permanganate 
steadily decomposed. natural conclude that the strip finds 
sufficient supply oxygen the ordinary bath, provided the solu- 
tion occasionally renewed and that its final coming rest not 
due asphyxia. 


SUBSTITUTION OTHER NA-SALTS FOR 


extended series experiments was undertaken find out 
whether the anion, Cl, NaCl necessary the maintenance 
rhythmic activity whether other Na-salts may used place 
the chloride. The method employed was make solutions con- 
taining CaCl, and the ordinary Ringer’s mixture, but sub- 
stituting for NaCl the Na-salt tested. Care was taken have 
these solutions isotonic, and whenever there was uncertainty this 
matter recourse was had freezing-point determinations. must 
noted that the ions introduced with the and were con- 
stantly present. These represent about one fifteenth the total 
ions the standard Ringer’s mixture These substituted solu- 
tions will spoken for convenience Ringer, bromide 
Kinger, etc., according the salt used place NaCl. 

NaNO,. was found that certain salts sodium could substi- 
tuted for NaCl with little apparent influence the height, rate, and 
solution isotonic with 0.7 per cent NaCl makes excellent basis for 


That the presence Clions the surrounding medium not essential 
the rhythmic contractions was demonstrated subsequent experiment which 
mixture was used, composed the nitrates sodium, calcium and 
potassium. this solution the strip gave excellent series con 


tractions lasting over hours. 


q 

i 
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mixture, the CaCl, being 0.026 per cent usual 
0.03 per cent. Careful comparisons records traced 
normal (chloride) Ringer with those made nitrate 
show any differences that can called characteristic. 


whole seems that the nitrate may have slightly stimulating 


ence, but this not clearly established strip first 
contractions though its tone may heightened. 
supplied establish vigorous beat. Nitrate was used 
many experiments and certainly not less satisfactory 
common solution. Apparently the tissue can part with many the 


ions originally present and receive corresponding number 
NO, ions without losing its power execute long series 


contractions. 


NaBr. Another salt that can well replace 
mixture The solution used was equimolecular and approx 
mately isotonic with per cent has been stated, espe 
cially who studied its action skeletal muscles that the 


ion excites the tissue more than the ion and lowers its irrit 
ability shorter the present case too, seemed that 
muscle might stimulated heightened tone and 
more vigorous beat bromide Ringer; but did not appear 
exhausted less than the average time. distinction between 
the action and that can pointed out. 

Nal. This result was somewhat unexpected, Loeb having 
the more toxic than the chloride bromide, while Walden 
found its action the heart unfavorable. The plain muscle, neverthe 


less, maintains its contractions for hours iodide Ringer. Com 


parison the movements made the iodide with those 


Kinger gave the impression that the iodide has tendency increase 


tone and lengthen the period maximal shortening that the 
tracing each contraction shows slight systolic 
peculiarity was not constant. 


erly supposed that chlorates might decomposed living tissue and 


contribute oxygen its metabolism. opinion does not seem 
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held recent writers pharmacology and receives support 
from the behavior the muscle the presence 
NaClO,. The strips can transferred from chloride chlorate 
Ringer and back again without significantly changing the character 
the record not apparent that one more favorable than the 
other. may remarked that the record chlorate Ringer 
likely irregular, large contractions mingling with small. One 
the longest records secured was that preparation chlorate 
Ringer, the strip being active until the forty-ninth hour. 

Salts capable replacing much the chloride but not all. The four 
salts already mentioned Nal, NaClO,) only 
ones found which could freely used place num- 
ber were found capable replacing large fraction the chloride. 
These were organic salts including three members the fatty series 

acetate and butyrate and the tartrate and lactate. 
description the effects sodium acetate will answer for any the 
others. solution about 1.2 per cent isotonic with 0.7 per cent 
NaCl. Ringer’s solution made with acetate instead NaCl, 
retaining CaCl, and the usual amounts, the active strip soon 
comes rest when immersed it. There may transient ex- 
aggeration the movements, but they are presently slowed and the 
tone declines, leading standstill within twenty minutes. When 
such relaxed strip returned normal Ringer does not once 
revive. may quiescent for hour, but the beat almost sure 
renewed and there seems lasting effect from the 
acetate. tissue will tolerate large percentage sodium 
acetate certain amount the chloride (or interchangeable salt 
retained the medium. The proportion the NaCl that may 
replaced organic salts without checking the contractions 
acetate without markedly depressing the activity the strip. Some- 
times the substitution can pushed farther and strips may beat for 
hours solutions containing two even three parts the organic 
salt one the inorganic. This was shown most successfully 
trials with sodium formate and sodium butyrate. the presence 
excess the organic salt, the rate which the contractions 
occur usually slowed. should noted that these sodium salts 
organic acids are largely dissociated the concentration 
This precludes the inference that the inhibition brought about 
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Certain salts were found distinctly inhibitory whe 


small amounts. Some these are precipitants 


action may attributed the removal this element 


» 


not form insoluble compounds and their effect must 
other explanation. Consequently the salts unfavorable rhy 
activity may classed two groups 

Precipitants Ca. Among the salts used place 


ably less soluble solution any rate, the effe 


sulphate Ringer are most 
partial precipitant Ca. When change made 


chloride nitrate one with sulphate basis 


amounts CaCl, and KC}, the active preparation soon comes 


} 


with loss more CaCl, added until the amount 0.1 


per cent (from four six times the quantity ordinary 


strip recovers and the record runs typical 
] 


this case the ions are increased, but the recovery 


due the added recently Miss has 
small quantity soluble sulphate added NaCl solution 
able the continued activity the lymph-hearts the fro 


indeed may take the place such fact was observed 


explained the supposition 


present investigation. the contrary, the results are 


with the old observation that blood neutralized with 


pressing the heart greater degree than blood neutralized 


other acids. 


The original was saturated with 


visibly precipitated from the bath when 
addition inhibits the movements the strips lit 
0.01 per cent reduces strongly alkaline and 
was added freely was neutralized with 
such neutral phosphate instant inhibition. 
normal Ringer prompt and good. solutions mus 
classed with solutions partial precipitants 
The oxalates are the best precipitants, and the inhibitory 
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has shown for the heart. The addition 


Na,C,O, the medium speedily brings the most vigorous preparation 


0.01 per cent 


rest with lowered tone. There evidence that the oxalate has 
any harmful after-effect for Ringer’s solution quickly rouses 
the resting strip and the record immediately assumes the character 
had before the should mentioned this point 
that does not inhibit the movements skeletal muscle 
when twitching NaCl solution, but actually increases them. 
fact emphasizes the fundamental difference between the con- 
tractions skeletal muscles which occur for long periods 
the which, far observed, are never long dura- 
tion, unless and are supplied physiological amounts. 

Salts that inhibit without precipitating Several salts show 
detrimental effects not explained due the removal Ca. 

NaNO, one these. has the recognized pharmacological 
action the nitrites, causing profound loss tone, slowing con- 
tractions and, presently, promptly brought 
possible. 

bile-salts, sodium glycocholate and sodium taurocholate have 
effect strikingly similar that the nitrite. Minute quantities 
the solution (0.05-0.1 per cent) inhibit with lowering tone, and 
when the strip transferred normal Ringer the recovery 
gradual and imperfect. These doses are exceedingly small from the 
standpoint the number molecules which they contain, for 
solution isotonic with 0.7 per cent NaCl approaches per cent 
impossible replace with molecule bile-salt one 
molecule NaCl hundred. 

inhibits the preparation exposed its action. When portion 
the NaCl Ringer’s mixture replaced sodium benzoate 
the contractions become exaggerated until they have the 
character large irregular tone-waves. The strip comes rest 
sooner later according the proportion the 
duced. The related salt, sodium salicylate, much more toxic than 
the benzoate and the introduction 0.05 per cent suffices 
cause abrupt inhibition. 

slowing and deepening the contractions observed 


when sodium benzoate present seen more remarkable 
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manner when the solution contains sot 
the strongly all 
the effect the anion apart trom 
added secure neutral mixture whi 

ions but all favorable 
the tetraboric acid ion. The tracings 
ion transforms relatively quick movem 


mously prolonged tone-waves each 


slowing affects chietly the phase rel 


the effect veratria skeletal musi 


ARE THESE CONTRACTIONS 


question the source the stimul 


) 
movements. researches 


the retractor penis the 


and Griinbaum marine invertebrates 
toad have tended show that plain 


apart from the influence 


opposite ground, claiming that the frog 


ments unless stimulated its 

ing strips stomach 
tissue remains irritable. regards 
poisons for nerve-endings 
objected the inferences Schultz 

movements the alimentary canal are 

large doses atropine and nicotine are 
these poisons transient, passing 
washed salt solution. These 


grounded. was found some supp! 


frog cannot poisoned 


dermically, that its will 
spontaneous beats. Large injections 


the skeletal muscles and make the 


Archiv tur 


borax. This 


and, aS Ih 


solutions in order to ol 
h therelore contained 


normal process 


how how the presets | 
ents the tissue into 
Ipying Several I 
Nallon al rel Has 


ne on ( niu 
causing these spont 
on the mamma 
e horse i th 4 
} 1 

ind on the cesophacus of 
has rhythm prop 

elis Schuitz Nas taken tl 
stomach make no m 
nerve-ceiis or 
mstrated this fact by 1 

movements cease, while t 
Opine and nicotine as p if 
Botazzi 
and has out that 
not inhibited extreme 
applied and that the 
ot 

off as soon is the Str P 
ementary experiments that 
with atropine, given 

not vive a norma 


nicotine, 


irt resistant to all attemy 


it 
Hor 
i 
7 
a 
ri 


Percy Stiles. 


inhibit it, not modify the records obtained from cesophageal strips. 
only when these poisons considerable concentration are 
brought into contact with the tissue bath Ringer’s solution that 
the movements are inhibited. then, Botazzi stated, recovery 
promptly secured when fresh mixture substituted for 
that containing the alkaloid. The question under discussion may 
well left appears that practice applying 
chamber open criticism, because regard paid the osmotic 
relations the tissue and the fluid, and because the poisons are 
brought the cells excessive concentration. isotonic bath 
has obvious advantages over the painting method, especially 
the fact that has sufficient bulk prevent appreciable changes 
its result exchanges between and the tissue. 
The thin film solution laid with brush, must readily subject 


such changes. 


INCIDENTAL OBSERVATIONS. 


Effect single experiment which the tempera- 
ture was varied showed that the circular coat the cesophagus 
reacts temperature changes like other smooth muscle preparations, 
losing tone when warmed and contracting more rapidly cer- 
tain point, this case The curve reproduced show the 
relation rate temperature approximates straight line indi- 
cating constant increment rate for each degree’s rise. This 
property observed cardiac muscle. Schultz has studied the 
effect temperature the contraction period 
and the chief interest comparing his results with this isolated 
experiment lies the fact already mentioned that the rhythm the 
cesophagus much more that the stomach. 

Effect concentration and dilution.— has been stated that some 
variation the percentage strength the solution may tolerated. 
solution containing 0.9 per cent NaCl readily substituted for the 
usual 0.7 per The effects more decided changes were also 
noted. one experiment nitrate Ringer isotonic with 0.7 per cent 
NaCl was alternated with one isotonic with 1.05 per cent NaCl and 
another isotonic with 0.35 per cent NaCl. The three solutions con- 
tained CaCl, and equal amounts. The concentrated Ringer 
caused spasm such the heart exhibits when irrigated with 


strongly alkaline solution with one containing Ca, butno The 
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dilute Ringer caused relaxation and weakene 
These results were somewhat unexpected 
contractile tissues the state tone 


PE MPERATL 


Analogies beween the csophagus and 
spondence between the cesophagus and heart which suggested 
Botazzi has been emphasized the course the present 
The venous end the heart and the oral end the 
are both characterized their more rapid spontaneous rhythm 
and their tendency exhibit changes tone. There also some 
indication that the upper part the the 
rhythm the lower part while there continuity between the two 
The following experiment bears out this 
was opened longitudinal cut and the contractions its circula 
fibres recorded two points between which the preparation was 
part-way through. Later the separation was made complete 
this last step the band from the lower level made fewer con 
than its fellow, though previously had approached the 
experiment with longitudinal strips like those 
points the same direction. Two preparations were 


placed that the upper half one and the lower 


anal irregular beat 
istilled water throws 
hich termed 
RATE. 
q | | 
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After two hours and half this was 


readily cut away. 
one case the original oral end remained attached the lever and 


the other the lower portion. The oral end continued contract, the 


lower part rested. Such experiments are highly suggestive the 


behavior the heart the application the Stannius ligature. 


effort was made see whether the same resemblance the 


heart could demonstrated the effect different solutions 


rings from various levels. Howell has found that the sinus and 
auricle the terrapin heart beat well mixture from the 


outset experiment while the ventricle usually remains quiescent 


Ringer unless has been already exhausted parts 


the like the venous end the heart, beat once 


Ringer. probable that the lower part contracts for longer 


time NaCl solution, but the correspondence between this region 


and the ventricle incomplete was desired find out 


which these more sensitive Ca, but the results ob- 


tained are not conclusive. little 0.008 per cent CaCl, may re- 


vive strip which has come rest NaCl, but, has been stated, 


the standard mixture containing 0.026 per cent CaCl, more 


effective. 


CONCLUSIONS. 


The the frog has rhythmic property which 


more marked than the case with the remainder the alimentary 


the itself this property most marked the 


pharyngeal end which has more rapid spontaneous rhythm than the 


parts below. The rhythm this part (4-6 per minute) such that 


hard decide whether the contractions should denominated 


rhythmic contractions for any length the case the 


heart, CaCl, itself tends heighten tone and fuse contractions, 


while alone tends abolish tone and inhibit 


either these salts concentrated above 0.1 per cent its action 


becomes uncertain and may considered toxic. 
substitute for has been found. probable that this 
element, addition its undoubted osmotic importance, essential 


the active tissue specific The evidence present does 


not justify definitive choice between the two theories rhythmic 


activity which have been may that prime 


7 
4 


the Rhythmic Activity the 


factor and that and are needed only neutralize its 
properties But more natural interpret the 
sults pointing stimulating rdle for and inhibitory action 
for The depressing effect NaCl alone immediate, and 
failure beat all frequent, that one inclined attri- 
bute direct action the rather than one which indirect. 
agreement between the and the venous end 

complete that one led the same conclusions that Howell 
reached the result his study the sinus and auricle. 

The ion not specifically required for normal 
activity. place NaCl may use the nitrate, the bromide, the 
iodide, the chlorate 

Certain organic salts may replace from one half two 
thirds the chloride without checking the contractions, though they 
usually slow the substitution pushed farther, inhibition 
will result. 


Precipitants naturally cut short the rhythmic 


Ca, and when present small quantity, are 


Among salts that inhibit the movements otherwise 


sodium benzoate, sodium salicylate, and the bile-salts 
acknowledgments are due Dr. Howell, who projected 


research and shaped its course many helpful suggestions, 


the 
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THE ADRENALS. 


PHYSIOLOGICAL STUDIES 
ANIMALS DEPRIVED 


ISAAC LEVIN. 


extirpation adrenal bodies performed now almost half 
century ago and later Tizzoni, Abelous 
and Langlois, Gourfein and others, showed conclusively that the 
function those bodies vital importance the organism, and 
that without them animal cannot survive more than few hours. 
The symptoms accompanying the death are character- 
istic acute intoxication, that most the experimenters who studied 
the influence the extirpation the adrenal bodies the organism 
came the conclusion that the animals suffered from intoxication, 
and that the normal function the adrenal bodies consists neu- 
tralizing some poisons that would otherwise accumulate 
organism and injure it. 

But with the exception few scattered statements that the blood 
animal deprived its adrenal bodies toxic (Abelous and 
Langlois and this theory was hardly 
experimental proof. 

Some scientists found increased quantity neurin patients 
suffering from Addison’s disease, and further Marino-Zucci and 
and showed that neurin was much more toxic for animals 
deprived their adrenal bodies than for normal these ex- 
periments are not sufficiently convincing warrant the assertion 
that the adrenals normally neutralize 

entirely new turn was given the question the function 
the adrenal bodies the work done the last six years. and 
and many others showed that the aqueous ex- 


Archiv fur die gesammte Physiologie, 
and Moleschott’s Untersuchungen, xiv, 
CARBONE: Abstract Allgemeine medicinische 846. 
OLIVER and SCHAFER: Journal physiology, xvi, xvii, xviii. 
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tract the adrenal bodies contained 
chemical nature which not yet fully determ 
work Abel! shows conclusively that the 


motor centre, the vagus, the 


general muscle showed that the blood taken from 


the adrenal vein has the same effect the suprarenal extract, though 
not pronounced can doubt that this active sub 
stance the suprarenal extract normally being pro 
duced the adrenal bodies. 

result this work the following conclusion was drawn 
the function the adrenal bodies: these organs not 
any toxic substances forming within the organism, but mainta 
muscle tonus. the absence the internal 
adrenal bodies, the organism succumbs from the dep 
nervous centres. 

Now, apparent that this explanation does not itself exclude 
the autointoxication theory, because the tonic action the 
extract may consist not direct influence the centres, but 
neutralization some substances formed within the organism, which 
would depress these centres Marino-Zuccl, for instance, showed 
that the action the blood animal without adrenals some 
what similar the action curare. 

order decide the question, must ascertain 
animal deprived its adrenal bodies state 

reasoning was, that animal without adrenals 
actually suffers from some form intoxication, its blood will 
likely abnormal, while the state the animal due 
the general nervous depression, find any change 
the blood 

secondary change the blood due the abnormal action the 
vasomotor centres could expected, the 
animals after the operation not develop any the 
circulation, though slower, regular 

the most sensitive reagent, chose the influence this blood 

medicin 


tive substance, the 
] ¢ } hy ] + 
though the lates 
the suprarena 
let } 
the vaso 
+ 
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Hitt 
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adrenals. 


animals deprived the 


ul of 


intravenous 


an 


alter 


FIGURE 


Levin. 


amined anew the influence normal 
blood the blood-pressure another 
normal animal. 

The animals used were dogs and cats. 
The following the operative procedure 
the afternoon, both adrenal bodies were 
extirpated the ordinary 
hours later the animals were 
that time the animals quite well and 
ran about freely the laboratory. The 
blood was defibrinated and kept ice 
until the next afternoon, ¢., for about 
seventeen hours. Then this 
blood was injected slowly into the jugular 
vein normal animal the same 
species (dog cat), the carotid artery 
which was connected with appara- 
tus for recording blood-pressure 
tracing. 

For control normal animals were bled 
death the same hour the night 
that the operated animals 
The blood was defibrinated and left 
ice until the next afternoon, for about 
seventeen hours, and then c.c. 
was injected into the jugular vein 
normal animal and 
ing was taken. 

used the blood eight dogs and 
four cats, which the 
were extirpated, and six normal dogs 
and three cats. The results obtained 
were uniform. The injection normal 
blood did not change any way the 
blood-pressure tracing, while the injec- 
tion blood taken from animal de- 
marked rise the blood-pressure, which 
continued from about two three 
minutes after the injection. Several times 


360 
= 
= 
= = 
| 
4 H 
== i 
= 
== | | 
== 
= : 
: 
j — 
== 7 
= | 
| 
= | 3 
q 
A = ; 
| 
= q 
{ 


Studies Animals deprived the 


I noticed a double wave: the blood-pressure would 
then rise again Very frequently also, 

that after the rise blood-pressure, the characte 
would change, showing weakening the action 
being little difference between systole and diastole. 
discover such change the character the tracing 
normal blood. 

The conclusion draw from these experiments is, that the blood 
taken from animal deprived its adrenal bodies, acts 
animal differently from normal blood, the former being apparently 
more active. This ditterence cannot be ascribed to operative shock, 
because, the one hand, the operated animal well 
during the bleeding, and the other hand, the normal 
blood were taken from the whole quantity blood animal bled 
death. The second part the blood was consequently taken 
time when the animal was under shock, this 
blood had effect the must 
consequently ascribed the absence one case the adrenal 


bodies. 


Now, the depression the nerve centres cannot 
the change the constitution the blood, and have shown this 
changed after the extirpation the adrenal bodies, must 
admitted that the organism does not suffer from nervous depression 
alone, but that undergoes some unfavorable change its meta 
bolism, some kind autointoxication. may seem strange that 
the blood deprived its adrenals and the suprarenal 
tract have both the increasing the blood-pressure 
but must not forgotten that this influence the blood-pressure 
only one property substance and may identical two sub 
stances, which are every other respect antagonistic. impor 
tant fact remains that the blood animal without adrenals, con 
tains something which acts the blood-pressure and which does not 
exist normal 


Curtis and Lee, whose laboratory this work was done 
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APPARENTLY NEW 
DUCED SOLUTIONS SALTS (PREFERABLY 
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Introduction 2 


The nature of the solutions which produce contact irritability in muscle sod 


the nature the apparent contact reaction 


IV. The etfect of sodium thuoride and corresponding solutions upon the nerve 370 


Summary 


SERIES papers published from laboratory has furnished 


the proof that the rhythmical contractions striped muscles, 


INTRODUCTION. 


the swimming bell jelly-fish, the heart and the 


depend upon the presence Na-ions the surrounding 
Calcium-ions have tendency diminish inhibit the contractions 
altogether, although number them must exist the tissues 
order preserve This point having been settled, 
next tried whether the sodium ions bring about these effects 


directly indirectly. have not finished these researches far 


the rhythmical contractions the muscle are concerned, but 
pursuing this problem have found number facts which show 
that certain salts can bring about effects indirectly giving the 
muscle nerve properties which they not possess normally and 
which knowledge have not yet been described. puta 
fresh muscle (gastrocnemius) frog for short time one 
three minutes) into solution sodium salt whose anion liable 
sodium oxalate, sodium citrate, etc.), the muscle will rule not 
show any reaction except perhaps slight shortening. But soon 


1 
1 It is possible that certain other ions may act as a substitute for the Ca-ions 


tor this purpose 


From the Hull ical Laboratory the University Chica 
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taken out the solution and comes contact with air, 
the contractions cease once and relaxation the muscle 
when the muscle put back into the solution. 


was found that not only the change contact from the above 


mentioned solutions air but also number other media pro 


duce these contractions. What the nature stimulus 
case cannot say definitely. Provisionally 
dealing with contact irritability and 
will call the above-mentioned reaction 
the muscle the contact 
would seem though the entrance 
the anions the above-mentioned solu 
tions caused change the superficial 
fibres, either precipitating calcium 
otherwise altering the constitution 
the protoplasm. This change 
fied the increase Na-ions the 
same layer. this condition the muscle 
sensitive the nature the sub 
stance with which comes contact 
these experiments one end the 
rod, and the other end tied 
the lever, dish, containing 
the solution raised trom below when 
wish submerge the muscle, and 
muscle into contact with air. 
order demonstrate the contact 
irritability use solution gram molecule sodium fluoride 
sodium citrate, about litres. the fresh gastro 
cnemius frog put into such solution for about one minute, 
the muscle will show slight contraction when taken out the 


1] 


follow when the muscle removed, and after series submersions 
have occurred the muscle will give one series powerful con 


tractions every time taken out the solution and brought 


contact with After certain time, which may 
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more, and which varies according the solution, the reaction be- 
comes weaker and finally ceases. 

use stronger concentration than gram molecule litres 
get more powerful contractions, but the irritability the muscle 


disappears sooner. 


IRRITABILITY 


Solutions cane sugar urea were unable produce the contact 
reaction have tried these solutions all concentrations 
from normal even large number electrolytes were 
then tested. None the salts Li, Ca, Mg, and gave rise 
the contact reaction. statement based upon experiments 
with LiCl, Li,SO,, KCI, K-citrate, K-oxalate, 
and ammonium citrate. The degree dilution 
instances stronger solutions were tried, but with the same negative 
result. 

experiments rhythmical contractions have shown that 
the sodium ions have specific the production these con- 
tractions. seemed also possible that they play such the 
production the contact irritability. But found that even 
stronger solutions NaCl, NaBr, Nal, did not bring about 
the contact irritability; neither did sodium acetate nor other salts 
whose anions form soluble calcium compounds. 

But the sodium salts whose anions precipitate calcium promptly 
produce these reactions. Na,CO, Na,HPO, sodium oxalate, 
sodium sodium tartrate give the contact reaction dilution 
gives the reaction but requires higher concentration, gram- 
molecule litres water. put the muscle into solu- 
tion Na,PO, goes once into powerful tetanus. This tetanus 
may partly wholly due the high concentration 
this solution. When muscle goes into tetanus solution 
cannot, rule, demonstrate the contact reaction. Thus have 
never succeeded producing contact reaction solution. 
NaH,PO, does not cause contact irritability, but this harmony 
with our general result. 

citrates require alkaline reaction for the precipitation calcium 


condition the fresh normal muscle 


4 
j 


The HO- and H-ions deserve special atte 
ments rhythmical contractions found 
produce rhythmical contractions 
ning these contractions the presence 
such catalytic action both 
former have another effect which they not 
The muscle produces constantly and 
acids will increase the solubility Ca-salts 
counteract this effect. 

due the presence free that sol 


ianate and Na-formate give rise slight degree contact 


bility muscle, although calcium formate and calcium valerian 


soluble. diminish the alkalinity sodium formate and 
valerianate solution adding small amount free formic 
ianic acid however, rendering the solution 
they longer produce the contact irritability 
amount alkali added NaC] solution may 
slight degree contact irritability. 

The solubility comparativel 
cannot expect very effective for 
rram-molec ule 


sometimes got and sometimes failed 

May not possible that the amount 

frog varies different periods the year, 

account for the seasonal variation the irritability the 


muscle addition some will produce the 


dl 


solution the optimum. can produce the conta 
through the addition small amount 
the Na,SO, solution. The effects are not strong 
The sulphates showed exceptional behavior stil 


direction. With one exception only sodium salts give rise 


irritability and this exception sulphate, namely 


would almost that the sulphates 
aside their upon This harmony 


Moore’s experiments, which 
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capable antagonizing the poisonous effects pure NaCl-solution 
calcium 

should finally mentioned that sodium butyrate, 
cinate and sodium asparaginate did not produce the contact reaction. 

Having thus proved that sodium salts, whose anions precipitate 
calcium give rise contact irritability, was expected that 
solutions calcium salts would prevent antagonize the contact 
found that adding small amount CaCl, toa Na- 
citrate solution the latter solution longer produced the contact 
effective sodium citrate solution was sufficient cause 
muscle lose its contact irritability once. Only after prolonged 
stay pure sodium citrate solution does the contact irritability 

While all the facts thus seem harmonize with the view that 
decrease the amount Ca-ions the tissues (and possibly in- 
crease the amount Na-ions) the essential condition for the pro- 
duction the contact reaction, yet possible that the sodium salts 
whose anions form insoluble calcium compounds may have specific 


effect upon other constituents the protoplasm, g., proteids. 


NATURE THE APPARENT CONTACT REACTION. 


The reaction which have provisionally called the contact reaction 
appears when muscle, after having been submerged sodium 
citrate any the other above-mentioned solutions, 
brought into contact with air. this change from solution air 
number conditions change and now our task determine 
which the essential one. 

soon the muscle taken out the solution and brought 
into air, more may diffuse into and more CO, may diffuse from the 
muscle. These two conditions have, however, nothing with the 
reaction. The experiments were repeated almost pure atmos- 
phere CQ, instead air and the contact reaction was powerful 

second change the sudden evaporation water from the sur- 
face the muscle upon its leaving the solution. The following 
periment might suggest that this evaporation the cause the 
contact reaction. pack muscle, that gives powerful contact 
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contractions, tightly 

when the muscle 

filter paper removed 

with the reaction. 

bring the muscle directly the sodium 

into oil, without exposing can mak 

the following The 

with the effective sodium citrate 

used sperm and olive muscle 

sodium citrate solution and then, lower 

the oil. Powerful contractions 

surface the muscle is, therefore, not 
After this had been established 

temperature were not responsible for 

periments which the muscle was rapi 

rative results. 


only neg 
The next possible cause to be c 

that change from the salt 

caused contractions suggested 


were reality electrical break 

The only fact which did not seem 
explanation was the lack make contraction 

put into the solution number exper 
assumption that the contraction tetanus the 

when leaves the sodium citrate solution due 

connected the two opposite ends the muscle means 
copper wire. this case the muscle contracted just 


before when taken out the sodium citrate solution, 


break shock any was possible. Another still 


cisive fact was found. the muscle 
time with sodium citrate solution the 
produced dipping the muscle for short 
brought into contact air, 


the 


true for glycerine solutions. 
are non-conductors. The possibility 

the cause the cont: action was next 
the muscle the solution each 
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the muscle the air this pressure ceases. This might suggest the 
idea that decrease the hydrostatic pressure upon the muscle 
causes its The dipping the muscle into the solution 
causes relaxation the contracted muscle and the inference should 
drawn that increase the hydrostatic pressure 
tion. The following experiments prove the erroneousness this 
view. The bottom the dish was filled with liquid much higher 
specific gravity than the sodium citrate solution, with chloro- 
form, cane-sugar solution, metallic mercury, and the sodium 
citrate solution was put carefully above the sugar solution chloro- 
form. The muscle was then brought from the sodium citrate solu- 
tion into the sugar solution raising the dish 
case noticed regularly one more powerful contractions, although 
the hydrostatic pressure the surface the muscle was increased. 

thus seems that none the known forms 
irritability suffices explain the phenomena with which are deal- 
ing. have before apparently new form muscular irrita- 
bility, probably contact irritability. 

Contact irritability very general form among 
plants and lower need only remind the reader the 
phenomena stereotropism and the fact that mere contact- 
effects polyp campanularia can transformed into 
But contact irritability certainly exists among certain cells verte- 
brates, for example, the leucocytes. The nature the body with 
which leucocytes come into contact determines whether not they 
give off fibrin ferment and cause coagulation the blood other 
liquids which contain the nature the contact can 
influence the leucocytes still mystery. One might think 
surface tension phenomena the formation double electric layers 
the surfaces contact. 

the phenomena described this paper were really contact 
phenomena, further search should reveal that only change con- 
tact from certain bodies other bodies can cause contractions the 
muscle. 

have begun experiments this direction, and have thus far found 


the following facts: 
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Contractions occur 


Relaxation the contracted muscle will occur when 
passes from any medium the above 
the left column. 

After the muscle has been treated for 
efficient solutions (Na-citrate, etc.) the contrac 


duced when the muscle passes 


very interesting and theoretically import 
this peculiar form irritability 
mains contact with air, oil, sugar solution, glycerine, 
tions different from those that produce pecific irritabil 
NaCl solutions the contact irritability 
not faster than sugar glycerine solution. 
the irritability, however, put the muscle back 
citrate solution for some 
tioned before, suggests the following the most probal 


the peculiar phenomena contraction with which 


dealing: the solutions which produce the contact 


anions that are liable form insoluble 


are all with one exception Na-salts Whatever 


effects these anions may be, the fact 

the contact effects are noticeable indicates tha 

the muscle what less probable, the surface 
deeper into the muscle short time 

the muscle the individual fibres have temporarily 
Ca-ions. have, muscle whose 
that ordinary excised this layer 


the muscle contracts any change from the media 
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the above list those the right obvious too 
that soon this change occurs the surface layer gradually under- 
goes alteration, for example, air, sugar solution, NaCl solution, 
etc. This change, which the contact irritability lost, occurs 
most rapidly CaCl, solution. This suggests the following pos- 
sibility. The loss contact irritability the muscle air oil, 
etc., due the migration Ca-ions from the interior the fibre 
the muscle the surface, thus re-establishing approximately the 
original normal surface condition. then put the 
for short time citrate sodium fluoride, solution, 
diminution Ca-ions will again occur the surface layers and the 
contact irritability will re-established. expected the 
time the muscle remains the solution important the con- 
centration the solution. dip muscle for few seconds only 
into sodium citrate solution gram-molecule litres) the con- 
tact irritability cannot produced, there not time for large 
enough number anions diffuse into the muscle. 

Still another fact harmonizes with our assumption. lift only 
piece the muscle out the sodium citrate solution, not the 
whole muscle contracts, but only the individual fibres which come into 
contact with Similarly more powerful contraction occurs when 
lift the thick femur end the gastrocnemius out the solution 
than expose the thin tendon Achilles end the air. 

should mentioned that the latent period somewhat 
long these experiments. have not measured yet but 
may considerable fraction second, especially when the con- 
tact irritability about disappear. This somewhat long latent 
period would harmonize well with the assumption 
phenomena. 

Although have spoken chiefty the diminution Ca-ions the 
effect the sodium fluoride and similar solutions, wish state that 
consider possible that these solutions may have other 


which play these phenomena. 


Tur FLUORIDE AND CORRESPONDING 
SOLUTIONS UPON THE NERVE. 


try the experiments described above curarized muscles 
get little result. This would indicate that the contact reaction 
not due effect these solutions upon the but upon the 


nerve elements the muscle. second possibility, namely 
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that curare, although does not abolish 
muscle, may yet alter its substance 
contact stimull, prevent the formation 
layer. 

may said with certainty that sodium 
rate, and the corresponding solutions act upon the 
altogether from that which they act 
put the nerve alone (without the muscle) into one 
which contains gram-molecule about litres, 
will happen during the first five minute 
from the solution will not call forth contraction 
After about five minutes the muscle will begin 
and very soon the muscle will shorten steadil 
degree tetanic contraction. This twitching cont 
the nerve the solution. soon the nerve 
the solution and exposed the air the muscle relaxes 
completely, and the twitchings become less numerous 
the nerve put back into the sodium citrate solution the 
increases again and the twitchings become more powertul 
repeated very obvious that the nerve 
actly the opposite way from the muscle 
taken out the solution and exposed the 
put back into the the nerve alone (without the 
put into the solution, contractions the muscle occur 
nerve the solution, and partial complete laxation 
served when the nerve taken out. 

experiments the nerve 
sodium citrate and the solutions sodium salt 
anions precipitate calcium stimulate the nerve chemically. 
Mathews has recently found that weak solutions lium salts 
cause contractions the muscle when the nerve alone put into 
solution, while the salts the other metals can only produce 
tions when their osmotic pressure higher than 
the have confined experiments chiefly 
salts whose anions precipitate But think can 
definitely that these salts are not the direct stimulus that calls 


the contractions the muscle, but play only indirect 


much they make the nerve more sensitive for 


stimulus, either mechanical stimulus. When the 


alone has been put into sodium citrate solution gram 
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about litres) and the muscle has begun contract powerfully 
gradual relaxation the muscle observed when the nerve 
taken out the solution and allowed hang the But any 
time the contractions and the final tetanus the muscle will begin 
again when the nerve brought into contact any solid 
soon the contact ceases and the nerve surrounded ait 


again all sides the muscle gradually relaxes. This can re- 


peated quite often with the same result. Among the substances 
whose contact causes contraction may mention hard rubber, glass, 


filter paper, varnished and unvarnished wood, bone, 
kinds metals. Among the liquids tried were oil, glycerine, sugar 
solutions and several salt solutions. thus obvious that 
sodium citrate solution two influences are united, first the effects 
the citrate-ion which causes modification increase the irri- 
tability the nerve, and second, the liquid character the solution. 
latter the direct cause for the contraction. 

Another point interest this connection. The sodium citrate 
sodium fluoride solution increases the electrical irritability the 
nerve that can easily stimulated its own current demar- 
cation. This increase occurs regularly before the twitchings the 
muscle begin. 

found that there are two ways which the unfertilized egg can 
caused develop first, certain ions (K, H), and second caus- 
the egg lose follows trom the facts dissociation that 
water the part the egg must alter the proportion 


ions the egg. thus becomes possible that the artificial partheno- 


genesis produced the loss water reality ion-effect. 
regard the twitchings caused putting the nerve into solutions 
Mathews has shown that two cases must discriminated first, the 
specific and second, the effect loss water. Any 


solution whose osmotic pressure high enough can cause contrac- 
tions the nerve put into not possible that the loss 
water the nerve the same way the citrate fluoride 
ions? limited solubility CaSO, would make this 
tried whether nerve after having been put into sugar solution 
long enough cause muscular contractions, would show the above- 
mentioned mechanical contact was indeed the 


case. such nerve taken out the sugar solution and brought 


’ 
: 4 
' 


contact 

But, was 

when put 

water will enter the muscle and restore 


only later will the entrance citrate ions 


now remains seen how far 
the heart-beat. fact that heart ich 
solution often begins beat again when taken 


reminds the act reaction muscle describe 


Certain salt solutions gram-molecule 
about apparently new form irritability 
called contact irritability 
treated this way will contract powerfully 
salt solution air, oil, sugar solution, 
solutions, sugar solutions 

The salts whose solutions produce 
(with one exception) sodium salts, whose are 


tate calcium, 


the nerve alone (without the 
~ 


twitch about five minutes and finally goes 


the contra 


nerve taken out the solutions 
this seems indicate that the salts thei 

directly can shown that they only modify increase 
bility the nerve. For when the same nerve 

with any solid liquid body (conductor 

tractions the muscle resumed while they 


} 


diminish when the nerve again surrounded 


The fact that certain ions are capable bringing about forms 


irritability nerves and muscles which not normally 


may perhaps furnish the explanation number certain morbid 
phenomena (neuroses, hysteria) which the motor 


reactions the patient are modified 
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THE FORCE CONTRACTION THE 
FLUENCE CHLORETONE THAT PROCESS. 


STEVENS. 
[From the Laberatery Bryn Mawr 


the course series experiments involving rigor the 
frog’s gastrocnemius, performed during the autumn 
the Physiological Laboratory Bryn Mawr College, under the 
direction Dr. Joseph Warren, the writer became impressed 
with the idea that much greater energy exerted muscle 
undergoing rigor high than low temperature, and that the 
force contraction varies directly the temperature. new series 
experiments was therefore performed test this impression, which 
was based only upon observation the rise the lever during rigor 
under various conditions 
The absolute energy exerted the gastrocnemius heat rigor 
has been measured Hermann and and compared with 
the energy single contractions and tetanus; but, far 
know, systematic work has hitherto been done show the 
temperature upon the energy rigor contraction. 


The apparatus employed these experi- 
ments with the exception the spring, has been used this labora 
tory for similar work since 1895, but has not been described, 

voir tin (an ordinary washboiler) supported stands, beneath 
which gas burners may placed 

The has brass recording drum and spindle, 
the frame, and turned Seth Thomas eight-day marine clock 
sliding wooden track and fastened thumb-screw any 
desired position. The minute and hour hands are replaced two 
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p. 152. 
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Of Lhe 


thin brass one inch diameter, 


} 


together tube, slips and 
and fastened position 

from the minute the 

another groove the 

each change, the drum 


hours. upper indle terminates 


plate, which the drum carried the usual 


foundation the structure hard board 


which fastened the clock track and another board, 


which carries the drum and marker. ‘The latter part 

removable for use other combinations. The clock 

from dust tin cover, through opening 

passes. The kymograph rests stand made from lect 
room desk. the sketch this stand has been omitted and 


depth the washboiler reduced about half 


The muscle holder, II, consists of a board, 17 x 2 
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and for the waxed 
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Stevens. 


vertical position the rod, which clamped into very firm 
stand, the base being filled with lead. The muscle cylinders, are 
of 


supported against pieces paraffined cork grooved fit the 


‘lass tubing, about cm. long and 3.5 cm. inner diameter, 
they are held securely place tapes run through screw eyes and 
firmly tied over the cylinder fitted with rubber 
stopper through which passes short piece paraffined doweling, 
held place pin below the stopper; the femur the muscle 
preparation fastened into hole this rod the pointed end 
hardwood toothpick. 

The muscle connected with the lever, light metal rod,! 
platinum below and steel above. This rod hooks into the tendon and 
into either the loop, one the holes the lever. 

The levers are aluminium, pierced with holes intervals one 
fourth inch, for the attachment the muscle-rod and weights, 
and lengthened straws terminating The 
drawing shows the manner suspending and adjusting the 
levers. The magnification ten times, the long arms the levers 
being and 7.5 inches, the short arms and inches, respectively 

the attachment the spring, brass pillar, was screwed 
the board. Near the top the pillar brass rod, projecting 


waxed threads were formerly used for such experiments, 
certain peculiarities some the curves led think that even the most 
paratfining waxing the thread was sufficient safeguard against 
shrinkage. quantity linen thread was, therefore, thoroughly shrunken tor 
immediate use, and later the matter was investigated setting 
and waxed threads linen, cotton, silk, liquid and the cylinders 
used moist chambers every case there was shrinkage for three four 
hours, the temperature being raised, meanwhile. from 17° 70° thereabouts 
upon cooling down room temperature, the threads lengthened somewhat and 


shortencd again slightly after standing forty-eight 
final result being shortening 3.6 mm. for the length used this apparatu 
about cotton thread shortened mm. three hours between 17° and 
lengthened 2.5 mm. during slow cooling 17°, and again shortened mm. 


renewed warming about twenty hours the first heating, giving final shorten 


ing 3.5 Linen thread which had been soaked alternately hot and cold 
water for several hours and then dried, showed marked shrinkage when heated 
the Ringer solution 

Vernon’s statement (Journal physiology, 1899, xxiv, 239) the unrelia 
bility thread for such work came hand after the first tests were made, and 
his use metal chain was noted; but the rods, already use for electrical 
experiments, more convenient handle, and were immediately substituted 


for the thread. 
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Contract lion of the frog's Gastro REMUS 


right angles the surface the board, and adj 

screw, Through this rod passes thick steel 
suspended somewhat stiff spring twenty 

spring connected with the lever another 

into light brass support pinned through the hol 

which the muscle connected. The spring stretches just 
let the lever make two parallel lines 
difference one gram pan hung from the loop, 


rise the lever for weight 200 grams about half 


for the ordinary unresisted heat contraction muscle 


thermometer hung from screw-eye 


enters each cylinder, and pieces thick 


away from the and near the muscle. 
reservoir usually kept filled the groove, the 


water, 30-35 litres, protecting the muscles 
temperature when this not desired. The amount 
the cylinders depends upon its character and upon the chara 
the experiment: least enough must used cover 
muscle and tendon. 
this are added many 
heating 
Preparation the Muscles frog was pithed, 
arations removed quickly and carefully possible 
the cylinders (Fig. The spring, which was left 
connection between muscle and lever was made, 
straighten the muscle. The liquid 
poured into the cylinders, the levers adjusted the 
applied secure the desired temperature. The left 
was used the spring each case, 
effort was made avoid the 
connection with the liquids employed, might injure the 
metal except platinum was brought into contact with muscle 
liquid; the rubber stoppers were thoroughly scalded and 
for twenty-four hours before using; the platinum rods were ste 
the flame before each experiment; and the cylinders were 
quently scalded, especial care being taken case experiments 
continuing many hours 
the first series experiments solution accordi 


the following formula (Rusch) was used 


Vid 
ant 
Line 
Wille IS 
lis, | he 
} } 
CN NOOKS 
ever with 
} 
() | ne 
2 
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Distilled water LOO0 
em 
KC] 0.075 em 
5.000 


The results ten experiments are given Table 
temperature column, the first number given each case shows 


the temperature the beginning the experiment; the second 


number, heavy type, the temperature the close contraction 


Muscles in Ringer’s solutior 


Length Pemperature | Force in Work in 


( vrais gin. mm 


31.0 


35.08 


100.00 


35.08 1938 


370 


250) 53.00 


22.0 


22.0% 


lower night, but did not above C., and stood that point 


during contraction. Experiment the culmination contraction 


occurred about A.M., with the temperature somewhere between 


20° and the latter temperature being observed 


The pull the muscle the spring was determined ascertain 


attempt was made establish constant for the spring, but though 
was found nearly grams millimetre. the method was 


thought more exact 


J 


q 
aS 
No 
| 
| 
mm J 
i 32 M29 5: 16 OOS 
3 
q 


ing how many grams light scale-pan suspended from 
were required raise the lever from base line drawn thro 


point where the lever began rise another line 


the highest point the curve. The work done was 


usual formula for elastic resistance, 
being the resistance the spring 

The muscles vary much thickness 
the results can only comparative, but 
striking. 

The question arose whether this decrease 


traction might not due part changes 


long soaking the Ringer solution. After some consid 


the various oils which have been used muscle experiments, 
oil was selected medium which would certainly not 
injurious, and would not be likely to be absorbe muscle 


One 


take anything from the muscle. The results 
experiments, using the oil place the 


are given Table II: 


this series was very slender muscle, 
much less substance than 


+} 


muscle Experiment was very much stouter than 


ment the corresponding muscle Table 


The curves shown Fig. were traced directly 


are characteristic « urves, but the pec uliarities observed in cor i] 


uch the 
through 
the 
Well AS IN na 
n they are sutticiently 
energy rigor con 
oht 
q 
inger solution 
Mu par il 
No t Pemperature rim ree iu W 
im 
| 12 4-443 3 127.3 
14 _ 330 a $4 
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one with the other are not characteristic experiments with either 
the Ringer solution the The counterpart any variation 


44.5° 


form curve temperature limits may found the records 


experiments with the other liquid Comparison the two tables 


indicates that the results obtained are independent the liquids 


used 


Secondary heat contractions were obtained the control muscles 
between and 58°, and between 60° and 63°; but case did 
these contractions exert any additional force the spring. 

The temperature limits these experiments are higher than those 


“4 
46 
43.5° 
42° 
} 
© 
45 44 
50° 
52! 42° 
40° 
R 
= 
38° 37° 
4 FIGURE 3 4 
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CW 


given Brodie and for corresponding heat 


the sartorius the frog, 
for the gastrocnemius. 

This difference probably due mainly 
the gastrocnemius, but the statement 
winter frogs coagulate 
point. 


result 


comparison with Walker’s 


performed, which one muscle pair pulled 


Was 


heat contraction, and the other 

The only change the apparatus 
addition firm support for the 


right angles and passed through 


metal plate which could be fastened t 


position, with ordinary 
i 


work being completed the usual for 


INFLUENCE 


less readily may 


the 
lever 


heavy 
board 
Il’ / 


The 


trichlor tertiary alcohol) having 


so-called 


oretone 


ot 


commerce 


en tou dl 


purposes this laboratory, was suggested that 
frog’s muscle might prove interesting 
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The apparatus used was the same the preceding experiments. 
The chloretone was dissolved the same Ringer solution, and 150 
c.c. were used for each muscle. The temperature the water the 
reservoir was kept and that the chloretone solution, when 


was poured into the cylinders, was about 20°. The results were 


6 56° 
\ 
“ \ \ 55 
\ 55° 
\ \ 
\s3 
\ 
f \ 
FIGURE 


practicaliy the same with the reservoir water room temperature, 
but the time required for the experiments was considerably longer. 

The curves contraction made three pairs muscles 
chloretone solutions different degrees concentration, 
cent 0.5 per cent chloretone crystals solution, are 
shown Fig. and further details are given Table IV. 


TABLE 


Dime 
in mm chloretone. shortenin 
} ni 

i 29 OS Q 48S 37.2 

b 29 O4 1 2S 34.1 

26 0 50.7 

( 26 5 40 

26 0.2 ISO 

| 26 Ol ( 12.7 


} 7 
| 
q 
h 
| 
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Muscles in Chloretone 
; 


The levers were adjusted the drum before the solutions wer 
poured into the cylinders, and all the muscles except 
began shorten more less rapidly according 
the solution; however, began contract only after 
one-half hours 

The rate and percentage shortening decrease with the strengt 
the solution, much rigor different temperatures 


reater recularity and certainty. 


applying heat muscles that have undergone chloretone con 

traction, change observed between and but 

heat contractions, perfectly comparable with those which 


have undergone rigor mortis rigor caloris, occur between and 


which evidently combination the second and third heat 


traction described Brodie and Richardson for the sartoriu 


} 


one muscle pair, treated with per cent 


enough 
chloretone solution, than that the other per cent lut 
make the entire 


same. 


The same ph nomena are observed in muscles which have under 
gone rigor mortis different temperatures: large secondary 
contraction follows small rigor mortis contraction, and 

In both cass a. the first heat contraction, due, according to vor 
Furth! and Brodie and Richardson, 
myogen fibrin, cut out, one case the chloretone cont: 


the other rigor mortis; but the contractions, due according 
the same authors, coagulation myosin and myoven, 
contraction connective tissue occur usual, but with the varia 
tions described above would that there must 


molecular disposition the coagulated substance slow prima 
rigor contraction which makes 


mechanically possible 


The effect chloretone per cent solution seems 


but its action appears selective 
precipitating soluble myogen fibrin, and not myosin myogen (von 


VON 


Sahl 
- 
4 


Stevens. 


The action chloretone the proteid extracts muscle should 
now ascertained: should shown that precipitates soluble 
myogen fibrin solution, and not myosin myogen, should 
have positive evidence that these proteids exist such the living 
muscle, and that the phenomena heat rigor are due fractional 
coagulation precipitation the same proteids. 

comparison with the chloretone contractions, few experiments 
were performed with chloroform water (saturated and with 
potassium sulphocyanide (KSCN), the Khodankalium 

The curves obtained with chloroform water were practically identi- 
cal with those chloretone, 0.5 per cent solution. fact supports 
the theory that the action chloretone due 


separation chloroform the tissues. 


The curves produced the action the potassium sulphocyanide 
showed unexpected peculiarities. per cent solution 
mentioned various authors, was used, and later per cent and 
per cent solutions. 

every case the lever rose rapidly certain variable height 


and then sank, the amount rise and fall varying with the strength 


7 
3 
4 3 x 
q 
26° 
| 


the After the lever ceased fall, 
more less irregular primary secon 
occurred. 

shows the curves made 
cent solution, per cent soluti 
several slight twitches, showing that 
irritability sulphocyanide. 
et 


initial contraction suggested sort 


down after hour without heating, and 


fectly fresh: another pair was set 


t } 


room temperature: within from 
experiment, both these muscles sli 

then gradually lengthened; after forty-one hours 
large contractions heating between and 


1 
) 


Four different samples the chemical, all 


were tried with the same result. 
The results these last experiments, 
formed with chloretone tend confirm the 
may prove valuable the study proteid coagula 
rigor 

CONCLUSIONS 
1. The energy ol rig rf Contraction decreas 


The energy secondary heat contracti 


gastrocnemius less than that ordinary 


+} 


C.: not measureable the spring used 


even when the muscle has been stretched its original 


} 


the temperature secondary heat contractions reacl 
There certain degree parallelism 


rate, amount, and energy rigor contract 


work when contracts against spring 

The fact that complete rigor entirely 
heat contraction (37 —45 but not the secondary 


(50 indicates that rigor mortis 


agulation soluble myogen fibrin 


myogen 


The fact that immersion 
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per cent) produces contraction which cuts out the first 
heat contraction (37 but not the secondary contractions (50 
indicates that the result its action coagulation soluble 
myogen fibrin, but not myosin myogen (v. Furth). 

slight contraction produced weak chloretone solutions 
per cent) compensated proportionately greater 
secondary heat the case slight rigor mortis 
contractions (Brodie indicating different 
molecular disposition the coagulated proteid slow primary 
contraction, making greater secondary heat contraction mechani 
cally possible. 

The action chloretone very definite and constant, com- 
pared with that potassium 

conclusion, desire express thanks Dr. Joseph 


for suggestions and criticism 
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CHEMICAL STUDIES OSSEOMUCOID, 
SOME CONNECTIVE TISSUE 


HISTORICAT 


seems have become generally accepted that osse 


oes not contain the statements 


the recent text-books, regarding the composition bone, 
Ps I 

fact that either the existence mucoid bone stru 

directly denied else that nothing whatever 


possible presence. The marrow bone, however, has repea 


been said contain mucin, although reference the source 
information usually given this connection shows that 


meeting, December, 
ings of the Americar 
meeting June 19 


quent report. 
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work has been done ascertain the facts, and that the results that 


work are anything but 


Neumeister! states, this connection, that mucin, nor 


any body belonging the glucoproteids, has ever been detected 


osseous tissue, although fibrous connective tissue and cartilage 


contain such ossein, prepared the usual 


manner, writes: does not yield glucose (reducing 


substance) after prolonged boiling dilute The absence 


mucin compact bone noteworthy,” says showing 


that the ground substance entirely replaced calcareous 


Marrow, however, yields gives considerable 


attention the composition bone, but ignores this phase the 


subject 


1876, called attention the fact that the 


called “chondrin” jelly” the older writers was 


reality mixture substances. Morochowetz stated that con 


sisted gelatin and mucin. referring few years ago 


deductions this regard, wrote follows: 


chondrin reality gelatin mucin, the transformation carti 


lage into true bone all the more easily comprehended, for 


case such development would consist essentially only the elimi 


matter addition is, course, understood 


For years was said that cartilage would yield chondrin, but that 


true bone would not. The views are representative 


those held for long Ile stated that may 


obtained from bone ossification, but ossified bone yields only 


‘latin.” another place Hofmann bones 


contain collagen but contain chondrigen, which not trans- 


formed into the first-named, but. before ossification displaced 


it. Completely calcified bone does not contain even trace 


NEUMEISTER Le hrbuc h det physiologis¢ hen Chemie, 1997. P- 453 


2 GAUTIER: Le cons de chimie biologique normale et pathologique, 1597, p. 1 


Lehrbuch der physiologischen Chemie, 1899. 326 


See note, p. 4oo. 


Jahresbericht uber die Fortschritte der Thierchemie. 187 


Hermann’s Handbuch der Physiologie, 1883, Th. 


HorMANN: Lehrbuch der Zoochemie, 1875-78, 


7 
j 
1) 297 


( mical Sludie S of Ossconrue 249 


Morner! finally showed that cartilage contains chon 


albumoid and that chondrin composed the 


these and gelatin 

Bone marrow. histological studies Jed him assume 
that the ground substance bone marrow loose, soft, mucous 
tissue. did nothing chemical way substantiate this view 


some time later, working with Rexlinghausen and 


direction, pointed out the 


inference but, nevertheless, claimed have 


presence water-soluble mucin the marrow the bones the 


was found absent from the marrow the 
marrow from other animals was not examined. 

may reasonably doubted, however, whether work 
1s entirely reliable, for his deductions were based solely on the red 
tion test with alkaline copper solution after acid-decomposition 


acetic acid precipitates, and assurance was given that reducing 


substances were removed before the treatment with acid was begun 
nor, indeed, that the precipitate itself had any proteid 
than precipitability with acetic acid. Further, result 
with the rabbit tissue referred Rustizky and those who quote 
him, marrow alone, although experiments, the 
adherent muscle had been removed, the whole bone, including the 
periosteum, was finely broken mortar and the 
extracted for mucin. with good reason, therefore, 
assumed that any mucin really detected came from the periosteum, 
the compact portion, instead the marrow the bones the 
rabbit, and that negative result was obtained with the marrow 
because the latter had been previously removed from the bone and, 
Rustizky states, treated separately. 


time results have been reported bearing this sub 
ject. The author hopes complete, the near future, more definite 


experiments this 


authority for the statement that mature, compact bone does not con 


tain mucin have led uncertain particularly 
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chemical investigations seem have been made this connection 
until few Von had shown that the decussating 
fibres Sharpey are similar those fibrous connective tissue 
general, and that they are not calcified, but that the calcareous 
deposit bone confined the interfibrillar areas. These observa- 
tions led investigate the question whether the matrix, 
which the fibres the bone structure are embedded, completely 
calcified concluded that this question could most 
readily solved ascertaining whether mucin, the most abundant 
constituent the uncalcified matrix ground substance con- 
superintendence, Young failed extract from bone with lime water 
dilute baryta water any substance that could precipitated with 
acetic acid. concluded, because this seeming absence gluco 
proteid from compact bone, that, “ in the process of ossification, 
the connective tissue matrix apparently 
results would the absence, from bone, 
mucin but chondromucoid well, deductions which remained 
undisputed, far the author knows, until this work was begun. 

Young’s result and his general conclusion did not seem har 
monize with several well known researches, for 
example, the proteids cartilage, which were published detail 
several years before Young’s results were announced, showed that 
chondromucoid present relatively large quantity that tissue, 
and course suggested, further, that bone derived from 
contains chondromucoid residue. 

Practically all forms uncalcified fibrous tissue from which the 
intercalated material has not entirely disappeared are 
contain mucin; yet bone, according Young, would regarded 
exception, although its large quantity ground substance holds 
great number, and contains circumferential, 
decussating and perforating fibres, well the fibrillar tissue the 
Haversian canals and the fibrous structures among the 

Since bone formed all cases ossification connective 
tissue, and collagen and other proteids are among the substances 
regularly contained bone, seems natural suppose that during 


the developmental changes some the connective glucoproteid 


Archiv fur mikroskopische Anatomie, 1887, xxix, 
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would remain with the other organic substances. Furthermore, 
glucoproteid has any definite function perform the connective 
tissues, its presence there signifies anything, there certainly reason 


believe that plays some part, however obscure, bone metal 
ism, also. The organic constituents already identified bone, or, 
say, the usual connective tissue elements which remain 
after ossification complete, are, according Halliburton, collagen, 


small quantities elastin from the lining the lacunae 


1} 


culi, proteids and from the cells, and 
even after the removal all the Why not mucin chon 
dromucoid Surel 


unless the ground substance the antecedent 


tissue removed impregnation with inorganic 


proceeds and permanently replaced the mature bone 
evidence any such mucoid substance 


ought separable, smal] proportion least, from 
tissue. 
Upon referring paper the author was impressed with 


) 


the inadequacy the method which had led only negative results 


and conclusions.. Young treated hard, compact bone, either the 
form fine shavings powder, for from three five days with 
excess lime water dilute baryta what the 
the assumption that probably most only very small proportion 
mucin could present bone, subsequent precipitation would 
favored the extract were kept finely divided 
tendon usually treated with only half saturated lime 
water for every gram tissue extracted, when easy separation its 
glucoproteid desired, and tendon probably contains relatively 
much mucin any other form connective tissue. Young’s 
periments much 100 the dilute alkali was taken each 
gram substance extracted 

Another defect Young’s work that the author regrets call 
attention was the use too small quantities one 
experiment only 2.5 grams bone powder were the best 
them only grams were taken. Halliburton the 


normal adult connective tissues contain 0.8 per cent mucin 


isin connection with this statement that Hall 
burton accepts the results the work and with the 
already quoted. 


7 
| 
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The largest amount mucin Halliburton and Stevenson obtained 
their quantitative work was 1.02 per from From the 
human Achilles tendon the largest amount obtained them was 
0.77 per cent. assume for the moment that bone might 
contain much mucin was found the skin 
Halliburton and Stevenson roughly per cent assumption far 
too liberal, then the 2.5 grams bone employed one 
experiments might have 0.025 gram mucin the 100 
dilute alkali used, the grams the best experi- 
ments might have given 0.11 gram solution. But these 
amounts are the greatest which could have been assumed occur 
bone and certainly would have been extremely difficult, not 
impossible, precipitate smaller quantities than these from extracts 
purposely made dilute. Solutions pure mucin containing ap- 
proximately these minute amounts the proteid may yield flocculent 
precipitates with concentrated acetic acid after standing some 
but tissue extracts, holding other dissolved proteids and saline matters, 
act differently. 

has just been indicated, the very small quantities bone 
powder shavings, used Young’s experiments, were treated for 
several days with large excess lime baryta the end 
that time, varying amounts acetic acid were added and, use 
Young’s phrase, “no precipitate came down any case.” 
Nothing said about turbidity, yet traces mucin under these con 
ditions certainly could hardly have caused more than cloudiness. 

The chief objection, however, the method Young employed was 
the direct application dilute lime baryta water dense com 
pact tissue, thoroughly impregnated with salts which for the most 
part are insoluble such not difficult understand 
how, the case the femur, for example, the stone-like structure 
the compact portion, composed largely tribasic earthy 
phosphates, imposed serious obstacle the usual action lime 
water contained mucoid substance, and therefore natural 
assume that for this reason, for other, mucin was detectable 
Young’s experiments. Minute division the dense tissue this 


instance could hardly make the conditions more favorable for extrac- 


This can occur only when the mucin has been dissolved very small quan 


tity dilute salts formed acidification tend keep mucin 


solution 


omen 
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Studies 


} 


tion, The proportion matter, and its 
extraction mucoid, would naturally remain almost 
every particle, however small. 


These obvious defects in the methods hnerele 


present writer investigate this very simple problem way 
seemed more favorable the separation mucoid. The several 
difficulties just alluded have been overcome very ordinary mea 


and has been prepared having all 
] 


characters the glucoproteids 
PREPARATION, 


In a few preliminary experiments, merely to 


here raised against methods, 


definite results than obtained, the 


powdered made from only the compact 


which had previousiy been thoroughly scraped 


removal ot all superficial connective tissue These | 
much larger than The femur powder was extra 
several days with just ele 

several occasions very faint turbidity 

the filtered extract per cent acetic 

chloric acid until the reaction was acid 

long time, the turbidity remained diffuse, and, 

ments, borrowing his phrase again, 


But the turbidity was 


The author next proceeded to remove the salts from t 


following method obtaining surprisingly large 
glucoproteid from both the femur and the rib the 

The fresh bones, just after removal from the animals, were freed 
thoroughly adherent muscle and connective tissue 
order prevent putrefactive complications, the marrow, the 


case of the femur, was completely cleaned out and the bones then 


placed running water for twenty-four hours the 


to coon tissue 


} 
particular substances t 
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time the closely adherent connective tissue was somewhat swollen 
and could easily completely scraped from the bones with ordi- 
nary heavy scalpel. The inside the shaft the femur was again 
thoroughly swabbed. this had been accomplished the bones 
were kept 0.2-0.5 per cent hydrochloric acid. the course few 
hours the dilute acid took out the inorganic matter from the surface 
the bones just satisfactorily, although not rapidly, much 
stronger acid could have was better adapted for the purpose, 
also, because there was special danger that transformation 
coid would result from its use, fact which there could little 
doubt, because the acidity the fluid contact with the bones 
was constantly diminishing reaction with the earthy 
After this treatment the bones were scraped twice daily with 
stout, well-sharpened scalpel. The superticial decalcified layer was 
thus easily removed long, narrow, thin, elastic shavings, exceed- 
ingly soft and pliable. The dilute acid was completely renewed 
after each The ossein obtained the first two scrapings 
was thrown away, for fear was contaminated with minute particles 


This fact was observed following results one experiment 
this connection show how rapid the decrease total acidity several 
preliminary titrations c.c. special per cent solution was found 


exactly neutralized 38.2 c.c. convenient dilute solution ammonia 


congo red was used the indicator. fresh femur the usual size, 
after had been thoroughly cleaned, was placed this 
solution 0.5 percent intervals, after the had been 


stirred, total acidity was determined, with the same alkaline solution, 
that had been boiled, few minutes, for elimination carbon dioxide 


(femur first placed acid) 100 neutralized 38.2 NH,OH 


S.00 POM : 100 c.c. neutralized by 18.2 c.c. NH,OH 
p.m 100 neutralized by S.1 NH 

\ll determinations were made triplicate, with varying volumes and the figures 

obtained agreed closely. These relative results show that at least 50 per ¢ t 


the total free acid was neutralized during the first three hours contact 
with the bones 

The quantity dilute acid used for decalcification was about litre for each 
portion femur 6-8 inches length; only the diaphysis was employed. When 


placed for few hours hydrochloric acid dilute per cent, very thin, 


delicate shavings, light that thev water and dilute may 
obtained. Treatment with per cent acid permits much more 


t ipid decalcification, however, and makes the s« raping process mu¢ h easier. One 
half per cent hydrochloric acid was used most the experiments 
+) 
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periosteum, 


superficial connective tissue elements belonging 


which, perhaps, had not been completely removed 


The scraping process was continued until only 


thin, translucent layer inclosed the marrow cavity While the shav- 


ings accumulated they were kept 0.2 per cent hydrochloric acid for 


thorough decalcification, and for such gelatinization collagenous 


elements might helpful disintegration the tissue and 


more complete liberation cement subs ‘quent 
extraction. This treatment also prevented putrefactive 
- the end of two weeks two scrapings a day ot two dozen sections ot 
femur little more than half foot length gave 1700 grams 
moist ossein. The surplus moisture had been 
cumulative pressure meat press 


The were next run through and then 
placed running water until they were washed free from chloride 
the bulky ossein hash was transferred several stoppered 
bottles and repeatedly shaken with half-saturated lime water the 


the moist hash. Within ten minutes after the lime water treatment 


began, the extractive fluid became very frothy shaking, and with 


excess dilute acid flocculent precipitate was obtained small 


portion Phe extraction was continued for hours, 


the end which time, 


Was subsequently found, almost all the 


| 
7 soluble substance had been removed The filtered extract was then 
treated with 0.2 per cent hydrochloric The addition 


produced heavy turbidity, and, after neutralization, bulky flocculent 


precipitate separated once excess 0.2 per cent 
hydrochloric acid and fell rapidly the bottom under water-clear 

this point the usual method for the purification mucin was 


favor 


Dilute aleohol (10 per cent) has been found serve very well for 
purposes during this preliminary period See methods, 

q This can be done « uite easily before the acid washed ‘ 

4 very ditheult thereafter 

7 Preferred to acetic acid Ss precipitant, | 


non-glucoproteid material and because former 


tissue ti 


ive 


| he preciy 


} 
| celatinization, is not particularly advantageous, perh esil 
more easily thrown down with 
al 1 ( 


The precipitate was several times washed, decantation, 
water made slightly acid with acid, then freed from 
acid washing water, filtered off, later dissolved half-saturated 
lime water, reprecipitated with 0.2 per cent hydrochloric acid, re- 
peate washed acidified water, water, and alcohol, and 
lastly treated with boiling anhydrous alcohol-ether (50 per cent) 
long anything dissolved out. The was washed out with 
anhydrous ether. The purified substance dried quickly the air 
very light, white, faintly cream-colored powder devoid hygro- 
scopic qualities. Seventeen hundred grams moist femur ossein 


yielded trifle more than grams the 875 grams 


/ 


rib shavings gave 3.5 grams. each case the amount prepared 
substance was equal approximately 0.4 per cent the moist 
ossein.! 

acid filtrate from the substance thus prepared contains gelatin 
and body closely related to, not identical with, the separated 


chondroitin sulphuric acid and combina 


tions, such recognized, are The 
author not sure that nucleoproteid not 


matters are under 


DISCUSSION OF MODIFYING FACTORS. 


will seen from the analytic results given page 402 
that the substance which isolated the method just 
described typical glucoproteid. considering its preparation 
this method the author would not ignore the possibility that chon 
droitin sulphuric acid has combined with some the gelatin, result- 
ing from the action the acid the collagen, form 
well known that such combination 


substances may occur after prolonged contact body temperature 


more quickly the presence free acid, and might assumed 
that such syntheses took place these experiments. Morner found 
that chondroitin sulphuric acid has strong affinity for gelatin, 
acidified solution, and made use this tendency 
Various minor improvements the method preparation suggested them 
selves the work these are made the second section, 
sey 
SCHMIEDEBERG Archiv fur experimentelle Pathologie und 
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Chemical Studies 


ethereal com] ound, Schmi debe ro - has eiven the ! 1 
and the insoluble intern 
formed his process isolating chondroitin 
experiments clearly indicate that various 


acid with simple has shown that 


phuric acid may combine with simple proteid the 


acid may induced with different proteids. 


sulphuric acid, but any present such tissue, 
simple alkali salt, would seem that the 
ment these experiments should entirely extracte 


the ossein, unless; perhaps, the hydrochloric acid, used 


inorganic matter, fixed quickly furnishing 


treatment gelatinize the collagen cartilige order 
chondromucoid more completely 


treatment with distilled water digested the 
what and favoring subsequent extraction the glucoprot 


the residue with per cent potassium hydroxide 


it would be expected that this preliminary treatment with w 


wid IS readily 


4 


tion the fact that various combinations chondroitin 


containing chondroitin sulphuric acid, similar 
present cartilage, probably all them loose 


compound, acidification, separates insoluble 


has frequently been said that bone contains trace 


requisite amount gelatin before its solution from the 
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suffice dissolve out all the preformed loosely combined chon- 
droitin sulphuric acid, possible that some may have remained 
the cartilage Morner’s experiments, just some might have 
remained the decalcified tissue the present experiments. 
ner has ignored the matter entirely, and one else has called atten- 
tion such The question raised this connection 
now being studied. The author inclines the belief that artificial 
was not formed the ossein the 
disc ussed, 

should not forgotten, course, any consideration this 
matter, that one has ever shown definitely the existence pre- 
formed, free chondroitin sulphuric acid normal 
first researches the distribution chondroitin sulphuric acid 
the bones the did not disclose its presence. Unlike Schmiede 
human cartilaginous and osseous structures six cases enchon- 
droma, one chondroma osteoides mucosum tibiae and one 
exostosis cartilaginea humeri. method detecting chon- 
droitin sulphuric acid these investigations, consisting, did 
part, treatment with per cent potassium hydroxide, makes 
uncertain whether this complex ethereal sulphuric acid existed 
such the bones analyzed whether was derived 
existent glucoproteid the extraction The present writer 
thinks the latter view more probable. 

Later, studies the content sulphuric acid the 
ash the bones the ox, well the acid extract obtained 
treatment bones from the same animal with boiling hydrochloric 
acid (25 per cent), led the deduction that the constant trace SO, 
found, per cent, came from very slight quantity chon- 
methods gave positive proof the presence this 
bone, contrary the former negative results, because the greater 
delicacy they possessed over his original direct 
methods detection not warrant the belief, however, that the SO, 

TH. Zeitschrift fur physiologische Chemie, 1895, xx, 357. 

Loc. 


has separated substam nilar chondroitin sulphuric acid from 


ndon mucin mucoids was accomplished essentially the 
sodium Zeitschrift fur physiologische 
Zoc. for similar facts. 


sche Chemie, 1897, p. 
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came directly from preformed chondroitin sulphuric 
might have come indirectly 
present, would have been decomposed into 
combinations during the treatment each the 

recently found much 0.07 


bones and attributed this increase over 


amount chondroitin sulphuric acid the 
quite reasonable assume, however, that the 
Bielfeld was originally part chondroitin sulph 
ent also states that 


sulphuric acid the diaphysis the 


ox. decalcified with hydrochloric acid does 
strength the acid employed, but may have been 
decompose mucoid. Subsequently the prepared ossein 


gastric juice (with probable formation 
and chondroitin sulphuric acid 
digested residue, after treatment witl 


and streneth not continuation Schmiede 


methods Krawkow employed make tha 
compound was derived from antecedent complex mate 


results prove nothing regarding preformed chondro 


the presence bone simple salt 
PROPERTIES OSSEOMUCOID 


The substance prepared the method previously 


general qualities the glucoproteids, and for the sake 


reference the author proposes for it the name osseomuce 
believes that quite nearly related the 


rt 


See and Git journal, 
connected with the ash ligament 


well from bone 
BIELFELD: Zeitschrift fur Chemie, 


Long after the complet 
shortly before this paper was s t to the « 
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following The vground-work of bor tty 


dissolves readily 0.05 per cent sodium carbenate 
and per cent sodium chloride, from which solutions may 
precipitated with mineral organic acids. appears dissolve 
only slightly cold per cent acid. The moist 


substance acid litmus, laemoid, and congo When the pure 


product, which precipitated with hydrochloric acid, was 


thoroughly decomposed dilute nitric acid chlorine reaction could 


obtained the fluid with silver nitrate. Like tendon 
(mucin) and chondroitin sulpburic acid which are not contained 
presence of mucoid on the authority of some observations of Morochowetz (Ver- 
Heidelberger naturh.-med. Vereins, F., 480, 1876), whose opini 
this particular connection seems have received attention the time (the 
text-books his day not and appears have been entirely 
looked until Cohnheim brought light again (see review, 
only other reference werk the author has had access to, the 
sence the original the abstract the uber die Fortschritt 
der Thierchemie, 1877, where, may seen, the article was entitled 
Histochemie des Bindege webes.” Untortunately. the abstract tails to menti : 
bone among the tissues exan ined, which suggests, of course, that Morochowetz's q 
result statement connection with minor the title the 
paper may inferred that any work was done bone was purely histo 
chemical nature and that mucoid substance was really separated accu 
this connection the body which Morochowetz identified the other 
tissues under examination and which called mucin, did not, says, 
sulphur, statement clearly indicating inaccurate chemical observation, since 
the connective tissue mucins contain relatively large proportion 
statement may also judged that the mucoid 
: Morochowetz referred was not definitely ascertained to be a part of true osseous 
discovering the statement book, the author wrote 
once to his colleague, Dr. H.-C. Jackson, lately in Professor Hofmeister’s labora 
Jackson consulted the original the Strassburg library and, thanks kind 
ness, the author able say that Morochowetz claimed have obtained mucin 
glucoproteid from several forms connective tissue, such 
cornea and only form bone studied was embryonic structure 
ind consequently contained much pure cartilage. Morochowetz states obtained 
the same substance from bone that various 


forms cartilage. His deductions are rather cartilage, 
than true bon 


Since the above was given the printer the author received, the 


courtesy Dr. Leon Asher, Bern reprint 


paper the Heidelberg Verhandlungen. study the same contirms all that 
has been said here regarding tt 
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Chemical 


and chondromuc 


ment mucins, 


the latter results with formation ana salt the 


the xanthoproteic reactions very distinctly Neutral solutions 


reaction with lead acetate after decompositi } m 
4 hydroxide. The fluid containing the products of its decor SITIO \ 
boiling per cent hydrochloric acid, however, gives 
tate barium sulphate with barium chloride the presence tree 


hydrochloric acid, and strong reduction 


solutions may be obtained after neutralization his cat varate 
substance vields OSAZONE rystals with nDVihydrazin. 


like residue probably contains substance similar 
hydration boiling mineral acid, anti-albumid, alb 
teose and pepton are forme land have been identi 
original preparations, one the rib, the other 
femur, the ox, were partially analyzed, with the results shown 


the table page 


] } tit ryt tf hn 


The discovery of a mucoid constituent of bone naturally st 


numerous lines investigation, some which have already 


what quantity, for does exis 


relation, any, pathological formations, its place 
classification its inner make-up, Composition rea 


etc. These and other related problems are under investigation and 


the author hopes present detailed results these studies 
near future The sections, composition and 
combustion, give complete results some the work this genera 


plan. 


analyses were incomplete. 
used tor the qualitative determ tions whi 
ceneral properties of the substance Phe metho ‘ ‘ 


Oli, GIsSsoives | 114 i i 
| 
those outlined on 1 103 of t following ct ( ' ) “re 
Sulphur was not determine caus 
i 
sulphate and the reagents were free from Pro that 
oxidation, trom the prote tself. wou e fou 
results are given sectio 


concluding this section, the author wishes acknowledge his 
indebtedness Mr. Christian Seifert, assistant this laboratory, for 
much valuable carefully prepared, under the 
author’s supervision, all the bone shavings used these experi 
ments and cheerfully accomplished that arduous task the cost 


considerable personal inconvenience. 


O.L0S 
O.OS4 
The results the preliminary analyses seemed establish beyond 
doubt the general glucoproteid nature osseomucoid. Complete 
elementary analysis was necessary, however, determine definitely 
its chemical relationships. have made such analyses number 
additional products from the femur the ox, which were prepared 
Reference phosphorus content, and other deductions chemical rela- 
tionship, are deferred the section, where more complete analyses 
given. See 412. 


and Proceedings the American Physiological Society 


noted on p. 357 
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and purified, with several 


method already 


t will be aes , 
lt Wlil De Seen, W 


Carbon and hydrogen 
tions, the method oxidation 
tubes, the 
layer granulated copper oxide 
The absorbing apparatus consisted 
containing concentrated sul 
water, soda lime 
moistened 
dioxide. 
The tubes the 
cases, before 
balance until constant 
Nitrogen 


Digestion the substance 


Nitrogen 


pleted with small quant 
with 
indicator. 


Total sulphur phosphorus 


crucibles 
solid 
phosphorus 
Sulphur combined SO, 
phuric acid was determined 
with about 
flame 
the end the boiling process, 


when 


When traces of 


Lhe Fesulls O 


The soda 


methods 


six hours 


a 
Cheniical of ¢ see 1O 
ith the roinal ded + 
METHODS 
) 
ns were mace, With all due preca 
properly arranged combustion 
1in the process passin throu 
; wd over a reduced Copper spira 
three U-tubes suitable size 
q icid in the first, for the absorpttor 
ind soda lime, with pumice ston 
red aS recommenhicad vy Benedict 
nined the proces 
Ities of metaliic mercury lore Hation 
soda, the mercury precipitated wit 
the congo red was the 
e suiphul determinat , wit 
assium nitrate, each tree trom 
» Phe substance Was divested 
acid over alcohol 
rected with a reflux condense 
nen Cleavage Was complete, t 
see 393 
+ An important preé tho Cy erabl al t t { 
not observed 
were carefuliv determ correct 


acidity the reduced somewhat with pure ammonium 
hydroxide, although the mixture was left was 
then filtered for the separation antialbumid-like substance which 
had formed small proportion during the sulphuric 
acid the hot filtrate and washings finally was precipitated with 
barium chloride, and the figures for sulphur obtained from the barium 
sulphate the usual 

Ash. Inorganic matter was estimated direct incineration the 
substance platinum crucible over very low flame. Phosphorus 
the ash was determined nitric acid solution the same the 
customary method involving the use and 


oe 


magnesia 


RECORDS ANALYSIS.” 


Preparation No. Bones 0.3 percent grams moist 
ings accumulated per cent Before extraction lime water, acid 
was removed washing volumes water. When decanted fluid 
lonver gave acid reaction litmus. ossein hash was extracted 
water, dilute alkali per gram for hours. End 


that extract gave only slight precipitate acidification 


-2 per cent Hl. Acid had not been con ple tely washed out by decantation 
same time. Second extract gave precipitate with 


} 


2 per cent HCl]. Sheht precipitate of first extract discarded, only second 


lime water, filtrate opalescent Repre- 
cipitated once with per cent Washed water, ether, 
Puritied very light. amorphous powder. grams 
constant weight and analyzed with following results 
gram substance gave 0.2667 gram 
17-85 per cent and 0.0952 gram per 
substance gave gram CO, per cent C,and 0.1078 
grain 6.95 per cent 
care was taken prevent introduction sulphate during the method 
preparation the osseomucoid reagents used were entirely 


from 
Sulphur the ash was not See 


Very reference the more important details preparation precedes the 


analytic data each particular sample method given 
393 general way for each preparation. 
+ Osseomucoid is so light and bulky that large quantities of substance coul 


hardly used conveniently these determinations. care was exercised 


all the analyses 
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Chemical Studies Osseomucoid. 


gram substance gave 0.0369 gram per cent 
0.2557 gram substance gave gram 14.18 0.252 
gram substance gave 0.0354 gram 14.06 per cent 

0.2518 gram substance gave gram 1.12 per 
cent (?) 0.2530 gram substance gave gram per 
cent 0.2510 gram substance gave gram 
cent 


Sulphur combined gram substance, after boiling gave 
0.0103 gram BaSO, percent 0.2418 gram substance, after boil 


substance gave gram Ash 2.24 per cent Ash; 
0.2560 gram substance gave gram Ash 2.11 per 
0.2572 gram substance gave 0.0064 gram Ash 2.49 per cent Ash 


Phosphorus. 0.2509 gram substance gave gram 
per cent 0.2516 gram substance gave 0.0007 gram 
0.078 per cent 

Ash gram substance left per cent Ash, which gave 


gram 0.029 per cent 


\\ Taue 
N ewe 14.48 1444 14.39 1444 

4p? 


Preparation No. Preliminary treatment same Prep. No. except 
that bones were decalcified 0.5 per cent grams moist shavings. 
Profiting previous experience, however, acid was washed out 
water. Extraction made c.c. half-saturated lime water for each gram 
ossein continued twenty per cent acetic acid used precipitate. 
Substance separated large flocks and settled out more slowly than when 
slightly turbid opalescent spite repeated filtration. Reprecipitated once 
with 2.5 per cent acetic acid moderate water, 


etc, Partly gummy grams dried and analyzed, 


with appended 


Carbon and gram subsiance gave gram 


47-48 per cent and gram 7.16 per cent 


ram substance gave 0.2276 gram CO, per and 


| 
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gram 6.66 per cent (?) 0.1280 gram substance gave 0.2242 
gram CO, 47.77 percent and 0.0834 gram 7.29 per cent 

Nitrogen. 0.2522 gram substance gave 0.0348 gram 13.79 per cent 
gram substance gave 0.0305 gram 13.94 per cent 0.2484 
gram substance gave 0.0349 gram 14.02 per cent 

Sulphur. 0.2037 gram substance gave gram 1.42 per 
cent 0.2035 gram substance gave 1.37 pet 
cent 

Sulphur combined gram substance, after boiling HCl, gave 
gram BaSO, per 0.2035 gram substance, after boil- 
ing HCl, gave gram per cent 

gram substance gave gram Ash 2.58 per cent Ash 
0.2528 gram substance gave 0.0064 gram Ash 2.53 per cent Ash. 

Phosphorus. 0.2012 gram substance gave gram 
per cent 0.3127 gram substance gave gram 
0.045 per cent 

Ash gram substance left gram Ash, which gave 
0.0007 gram 0.038 per cent 


PERCENTAGE THE ASH-FREE 


Average 


Preparation No. Preliminary treatment same for Prep. 
grams moist shavings. extractions made first for twenty hours, second 
for seventy-two hours. precipitated per cent 
Much less substance precipitated from second extract than from 
bined and dissolved per opalescent. 
Thrice reprecipitated per cent washed once o.1 per 
cent lastly grams light cream colored powder. 
etc., with following analytic 

Carbon and Hydrogen. gram substance gave 0.1858 gram 
45.82 per cent and 0.0681 gram 6.89 per cent 0.1143 
gram substance gave gram CO, 46.43 per cent (?) and 

will observed that the composition the product precipitated acetic 
acid (Prep. No. essentially the same that prepared with per cent hydro- 
chloric acid (Prep. No. 1). 

Extra reprecipitation seems have resulted lowering the percentage 
carbon and nitrogen, and raising that sulphur and oxygen. See 407. 
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Chemical Osseomucoid. 407 
0.0698 gram 6.83 per cent 0.0970 gram substance gave 
0.1627 gram CO, 45.75 per cent and gram 7.15 per 
cent 0.107§ gram substance gave gram 45.92 per cent 


and 0.0680 gram 7.08 per cent 


gram substance gave 0.0366 gram 13.13 per cent 


gram substance gave 0.0433 gram 13.20 per cent 
gram substance gave 0.0348 gram 13.12 per cent 


per cent 0.2516 gram substance gave 0.0332 gram 1.52 per 
cent 
Sulphur Combined 0.2434 gram substance, after boiling gave 


0.0183 gram 1.03 per cent 0.2438 after 
boiling gave gram BaSO, 1.02 per cent 

0.2602 gram substance gave gram Ash 1.50 per cent Ash 
0.2589 gram substance gave gram Ash 1.54 per cent Ash. 


Total Phosphorus. 0.2504 gram substance gave gram 
0.100 per cent 0.2506 gram substance gave gram 


25 

0.045 per cent 0.2874 gram substance gave gram 
0.048 per cent 

Ash Phosphorus. 0.5191 gram substance left gram Ash, which gave 


0.0003 gram 0.016 per cent 


PERCENTAGE COMPOSITION OF ASH-FREE SUBSLANC! 


Average 


Preparation No. Same preliminaries for Prep. No. grams 
moist shavings. Extraction c.c. half-saturated lime water for each 
gram ossein; continued seventy-two precipitated 
with per cent slight excess per cent 
and reprecipitated five times; each solution 
bid opalescent each time heretofore. After the pores the filter 
paper became clogged, however, the filtrate was collected more slowly, but 
came through clear water, though yellowish About three 


Possibly the observed ditferences analytic results between this 
the 


previous preparations were due the presence bone corpuscles, ete., 
See 


latter, which had not been completely removed the process filtration. 


also foot-note, 406. 
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fourths final solution obtained water clear turbid portion discarded. 
fifth reprecipitation substance was thoroughly stirred litres per 
cent There was particular diminution quantity, although the flocks 
seemed shrink somewhat and become heavier and more 
washed out with Final purification same spite 
losses, 7.7 grams osseomucoid obtained very light, cream colored. Analyzed 
the usual way, the appended results were obtained 

Carbon and gram substance gave gram CO, 
46.25 per cent and gram 6.66 per cent 0.1311 
gram substance gave 0.2216 gram CO, 46.14 per cent and 0.0797 
gram 6.81 per cent 

Nitrogen. 0.2670 gram substance gave 0.0320 gram 11.97 per cent 
gram substance gave 0.0339 gram 12.06 per cent 

Total Sulphur. 0.2526 gram substance gave 0.0406 gram 2.21 
cent 0.2534 gram substance gave 0.0373 gram 2.03 per cent 
0.3032 gram substance gave 0.0406 gram BaSO, 1.84 per cent 
gram substance gave 0.0503 gram 2.10 per cent 

Sulphur Combined 0.3227 gram substance, after boiling gave 

gram BaSO, 1.10 per cent 0.3237 gram substance, after 
boiling gave 0.0251 gram BaSO, 1.04 per cent 

Ash. 0.2662 gram substance gave gram Ash 0.45 per cent Ash 
0.2656 gram substance gave gram Ash 0.45 per cent Ash. 

Phosphorus. 0.3022 gram substance gave gram 
0.044 per cent 0.3028 gram substance gave 0.0002 gram 
per cent 

Ash Phosphorus. 0.5318 gram substance left 0.0024 gram Ash, which gave 
0.0003 gram 0.016 per cent 


PERCENTAGE COMPOSITION OF THE ASH-FREE SUBSTANCE. 


Average. 


Preparation No. Bones decalcified 0.5 percent days 
4,410 grams moist shavings obtained. Shavings each day were placed o.1 
per cent the following day, and thereafter until used, per cent 
alcohol. was acid from acid shavings. Acid washed out with water 
decantation until pieces the ossein hash longer reacted acid litmus. 
half-saturated lime water used extract, for each gram ossein. After 
two hours, extract was nearly neutral showing that acid interior pieces 
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had not been telvy washed out sulhcient 3 per ¢ KOH 
idded, drop drop with thorough shaking, make 

i i il i 
cent KOH Attertwelve hours the alkalinity had again 

diminished ; 2 c.c. halt-saturated lime water for each gram of ossein finally 
period, from beginning, was fifty-two hours. 
end very frothy. Was diluted with equal volume water, 
precipitated from diluted solution with o.2 per cent Reaction 
only very slightly acid precipitation purposely lett the turbid por 
tion vielding small amount of tlocculent pree tat ( I I ( t 
was precipitate dissolved lin vat 
and reprecipitated eight times Just before final prec pitat with 2 percent 
HCl, the filtrate, after passing through the same filter paper 
obtained clear the end poured into o.2 per cent 
drop, with instantaneou precipitation Substance finally washed 
litres per cent and twenty-four litres per cent with thor 
Surry ; eventually 1n water, aliconol, ete. ring th Washing Water, 
the product persisted floating, had been the case 
preparations. this particular case the floating portion was finally skimmed 
off and grams cream colored fluffy powder were obtained. 


Dried and analyzed 

47-68 per cent and 0.0718 gram 6.44 per cent 0.1492 

ram substance gave gram 

gram 6.58 per cent 0.1615 gram substance gave gram 


47-44 per cent and 0.0938 gram 6.50 per cent 


Nitrogen. 0.3026 gram substance gave 0.0355 gram 11.75 per cent 
0.3022 gram substance 352 gram 11.64 per cent 

Sulphur 5674 gram substance gave gram pel 
cent 0.5306 gram substance gave 0.0969 gram 2.51 


Sulphur combined .4026 gram substance, after boiling 


ing gave 0.0572 gram BaSO, 1.96 per 0.3512 gram 


substance, after boiling HCl, gave 


gram substance gave Ash per cent 
gram substance gave gram Ash per cent 
substance gave 0.0043 gram Ash per cent Ash 


Phosphorus gram substance gave gram 


per cent 
Ash Phosphorus. 1.329 vram substance left o. 12 gram Ash, which gave 


cent S. 
4 
See foot ote 
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PERCENTAGE COMPOSITION THE ASH-FREE 


Average 


Preparation 0.5 per cent eighteen days. 
grams moist shavings obtained end that they were made they 


were placed per cent alcohol, repeatedly renewed remove acid during 

period accumulation. washed out later water decantation 
hours, extract nearly neutral. per cent KOH added before make 
0.05 per cent KOH After eighteen hours, extract again nearly 

neutral. cent KOI added make total o.1 per cent 

linity gradually decreased due not only combining power osseomucoid 

but also, probably, failure completely wash out dilute 


alkali for ten days. Powdered thymol prevented putrefactive change. 


finally obtained perfectly clear filtrate. Diluted with four volumes water and 
this treated with equal volume per cent precipitation 
large flocks, which became smaller and more granular after thorcugh stirring, 
and quickly settled dissolved fifth-saturated baryta water and 
reprecipitated with nine times. ‘Tenth reprecipitation made 
filtering the litres the baryta solution substance into twenty litres 
per cent drop solidified contact and fell quickly the 
bottom globular form. Globules were broken stirring. ‘Thoroughly 
washed 0.2 and o.1 per cent later water, Final 
product very light, snow-white powder: 29.75 grams. Following results 


analysis were obtained 


Carbon and gram substance gave 0.3176 gram 


46.52 per cent and gram H,O 6.65 per cent 0.1877 


gram substance gave 0.3190 gram CO, 46.36 per cent and 0.1128 
gram 6.68 per cent 0.1449 gram substance gave gram 
CO, 46.47 per cent and gram per cent 
0.1649 gram substance gave gram CO, 46.34 per cent and 
gram 6.87 per cent 


See foot-notes, pp. 406 and 
evident that the decantation process must repeated very frequently 


all acid washed Filtered running water serves best for this 


purpose. 


q 
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ubstance gave 0.0360 gram per cent 


gram substance gave 0.0360 gram per cent 

gram substance gave 0.0734 gram per 
cent 2761 gram substance gave gram 2.50 per 
cent 

Sulphur combined 3045 gram substance, after boiling gave 
0.0344 gram BaSO, 1.55 per cent 0.3355 gram substance, after boil 

.2658 gram substance gave gram Ash per cent 
1.3781 gram substance gave gram Ash .26 per cent Ash. 

0.008 per cent 

Ash gram substance left 0.0036 gram Ash, which gave 

Average 
( $6.63 $6.47 16.58 45 
6.07 669 Os] 
Preparation No. sections femur particularly dilute 
HCl- .O5 pel cent.” Scraped twice daily. Shavings, as they were = col- 


lected, were pl 


directly into litres water, hours, and then 
cent alcohol until sufficient quantity end three 
weeks 2.500 grams very thin, narrow, 


the finely divided ossein was extracted lime water, 


ram hash, for seventy-two 
end that time. Water clear filtrate obtained. With o.2 per cent 
Prep. No. only five product very light, white 
powder 5.2 results follows 

Carbon and Hydrogen. 0.2470 gram substance gave gram 
17-51 per cent and 0.1487 gram 6.69 per cent 0.1952 


1 See foot-notes, pp. 4 6 and 407. 


The analytic results this 


tions Nos. and and indicate that the acid used has had 


particular the products separated 


\ 
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gram substance gave 0.3389 gram CQ), 47-35 per cent and 0.1158 
6.59 per cent 

Nitrogen. 0.1754 gram substance gave 0.0212 gram 12.05 per cent 
0.2431 gram substance gave 0.0296 gram per cent 

Total Sulphur. gram substance gave 0.0783 gram 2.40 per 
cent 0.6320 gram substance gave gram 2.52 per 
cent 


Sulphur combined gram substance, atter boiling 


0.0678 gram BaSO, 1.51 per cent 0.5009 gram substance, after boil 
ing HCl, gave gram per cent 
gram substance gave gram Ash per cent Ash 
gram substance gave 0.0008 gram Ash per cent Ash. 
Phosphorus. 0.5661 gram substance gave gram 


per cent 
Ash gram substance left gram Ash, which 


gram 0.027 per cent 


PERCENTAGE COMPOSITION THE ASH-FREE 
Average 
N 12.09 12:99 1215 


SUMMARIES AND DISCUSSION ANALYTIC 


Content phosphorus. reviewing the general results 
the analyses the seven preparations have carefully studied, 
special attention should directed the data 
content. The averages our figures for percentage amount are 
here summarized: 


Preliminary 


Preparations completely analyzed 
preparations. | 


Substance. 
Rib. Femur 


| 


0.058 0.081 | O08S 0064 ) 0.046 0.031 OO14  O.O0OS C025) 0.046 


0.089 | 0.029 0.038S | 0.016 0.016 O.O15 0.018 0.027 0.029 


> 


OO13 OO022 | 0026 | 0.030 ) 


| 
: 
Aver j 
ages 
3 5 7 
] 2 +. All. q 
q 
be | 
Dry. 
| 
Ash. 


very evident, from these results, that osseomucoid 


stance free from phosphorus. Not only are the 
entirely too small have any particular significance, but all them 
are within the ordinary variations accuracy the method 


mination itself, and fluctuations may due unay 


error. Such traces are indicated the very painstaking 
nations have made undoubtedly are part the ash 
the organic substance itself. higher figures for 


impurity. The differences are too slig 
such conclusion.! 

Sulphur combined SO,. have not yet attempted 
chondroitin sulphuric acid from osseomucoid, but the large proportion 
combined SO, detected in, and separated from 
also because the acid reaction the proteid The recent 
results obtained mucoid (paramucin), and 
various connective tissue and 
further suggest the_probability that 
ally separated from percentage quantities 
sulphur combined SQ, all our preparations are here rized, 
for ash-free substance, and the general averages contrasted 
the amounts chondromucoid and the mucins and 


tendon: 


The tendon mucins analyzed 


per cent (average), which was also found 


in the ash. This observation has sine ( verit ( 
results obtained for ligament Dr. 
Krawkow’s figures for percentage KRAWK 

PANZER: Loc. 

LEVENE: 


| 
q 
Preliminary ( 
tions 
Rib 2 3. } 5 7 \ 1-7 \ 
mur 
| 
0.97 1.11 {0.55 | 0.68] 1.05 | 1.08 | 1.53) 1.55 1.44/1.11) 1.4 
reent 
| 
5 
j 
| 


General Review. The appended table summarizes the results for 
average percentage composition osseomucoid (ash-free substance 
and gives average composition preparations also prepara- 


tions 4-7, inclusive, the latter having been specially grouped together 
because the greater attention given their purification, repeated 


reprecipitation, has already been indicated 


The above results emphasize the glucoproteid character osseo 
mucoid, for, like practically all these compound proteids, osseo- 
mucoid has relatively low content carbon and nitrogen, with 
comparatively large proportion sulphur and oxygen the 
acid radicles; both rich oxygen, the latter sulphur. 

Lack particular uniformity percentage composition, however, 
evident comparing the analytic results for the individual prepara- 
tions. This want analytic harmony cannot due nucleoproteid 
impurity, —our results for content phosphorus show that conclu- 
nor does seem probable that admixture other soluble 
proteid can the cause, for bone contains too little such material 
warrant that have already considered the possibility 


chondroitin sulphuric acid combining with any gelatin made during 
the process decalcifying, form different products varying solu- 

bilities, but, has already been there reason 

believe that bone contains sufficient chondroitin sulphuric 

content phosphorus too low for assumption that either 

per cent phosphoglucoproteid (0.45 per cent was 
Comparatively large quantities the substance contained the merest 

trace iron this minute amount recognized inorganic 

rity q 


Individual preparations 
ments 
* II 7.16 7.42 7.10 6.77 6.53 OS] 666 6.92 669 
1.43 2.12 250 247 2.05 2.41 
| 
4 


C /l¢ mical Of 


what each time new product was made tor anal 

the records analytic results, but, unless 
mucoid very unstable, like submaxillary 
therefore easily influenced the mild chemical 
it was subjected, these changed condition W 
have seen, however, 
behaves like tendon mucin and chondromucoid 
confidence the accuracy our methods 
manipulation. 

will remembered, found that 
tation submaxillary mucin resulted 
carbon and nitrogen the purified product 
particular attention this regard, 

deal with unsuspected proteid impurity, which 
haps was finally, eliminated repeated 
direct evidence such impurity, however, 
seems against its occurrence, think our 
conclusion that the mucin substance bone 
just the glucoproteid from other sources does, 
our analyses represent the make-up several 
related bodies. Such conclusion not only accor 
results but harmonizes also with the deductions 
lar conditions for other tissues and products, vari 
There appear many forms glucoproteid 
the acid and carbohydrate radicles the mucoids 
uniting with various proteids varying proport 
compounds, and while they can easily arranged 
classify them to-day, inner make-up they 
tifarious. Such conception the chemical nat 
substances would account for the 
observed the composition not only 
same substance, but also very nearly 


i n \ 
ai? 
lo CxXa 
‘ 
Ohad OSSC 
ment 
Irequent 
i 
| 
j 
i Ave 
oO 
' nf 
Cvery 
+} + 
Dal 
t 7 
it I 
iWwl l 
IS Oo 
Nave the 
tO Tor 
rc. 
re ! 
} 
{ { 
app 
il 


i 
\\ } 
uh 
Ty 
their 
a 
cn 
i 
it 
efite ¢ 
» 
( 
er 
i 
mucin 
een 
nt) the 
ff 
| 


7 


ae 


I. = 
= > ya 
~ “ = 
- 
a? 4 be 
2 = ZA ~is 
= 
= = 
4 


Chemical Studies 417 


ent tissues. Until know more about the inner nature 


proteid, and such complex substances chondroitin sulphuric acid 
which readily unite with proteid the normal and pathological met 
abolic changes the tissues, will difficult reach, from 


results, conclusions more definite regarding various glucoproteids than 


those have been able draw from our analyses osseomucoid 
Compared results. —In the general summary, page 416, ana 
lytic figures for tissue mucoids, direct comparison may made with 


the osseomucoid averages. The figures for crystallized serum albumin 


are also given for convenient comparison the collated analytic data 


with similar results for simple proteid. 


COMBUSTION OSSEOMUCOID, TENDON AND 


CHONDROMUCOID. 


HISTORICAL, 


any consideration the metabolism energy the body, the 
combustion equivalents the food and excreta are factors funda- 


mental importance. ~It now generally agreed, believe, all 
who have given special attention such studies, that careful deter- 
minations the potential energy, expressed calories, all the 
constituents the tissues should made, various important 
phases metabolism are more thoroughly comprehended. 

Although the fuel numerous albuminous mixtures, and 
some proteid substances, taken from the animal body have been very 
carefully estimated, attention appears have been paid, this 
connection, the glucoproteids, members which group bodies 
constitute large proportion the interfibrillar intercellular 
substance various forms connective tissue. considered 
desirable, therefore, determine the combustion equivalent osseo 
mucoid and also related not only for the general 
thermochemical interest such results would have, but the belief, 
also, that the caloric values obtained would throw further light 
the chemical relationships these tissue proteids, and ultimately 
worth any metabolic study their syntheses 
formations. 

The researches Stohmann, Danilewsky, Rubner, Berthelot 
and Atwater, and their pupils, have shown that the combustion equi 
valents the chemically pure animal proteids thus far studied vary 
from averages 5270 calories for gelatin and calories for 


4 } 
q 


pepton, calories for elastin; with egg albumin, 5735.2 
calories, representing about the mean The work these 
observers also indicates general way that the higher the percen- 
tage carbon the proteid, the greater its combustion equivalent 
the greater the proportion oxygen, the other hand, the lower 
the heat combustion. Thus elastin, which, have seen, has the 
highest equivalent, contains about per cent carbon and per 
cent oxygen; pepton, with much lower equivalent, contains 
roughly per cent carbon and per cent oxygen; albumin, 
having average combustion equivalent, contains approximately 52.5 
per cent carbon and per cent oxygen. 

Considerable variation noted comparing the figures for 
calories obtained for the same compound different observers. This 
fact may attributed, however, different degrees purity the 
products burned, well variations the accuracy the 
methods employed. Thus the caloric value 5039.9 
according Stohman and and 5410.4 according 
Berthelot and difference 370.5 calories. But 
strictness tissue residue, not pure chemical sub- 
stance, these variations are not all surprising. 

The only strictly compound proteid investigated combustion 
methods thus far hemoglobin. Its potential energy appears 
relatively high, varying from 5885.17 calories. The com- 


The first these figures was obtained Atwater (see foot-note, 419) 
The rest were determined Stohmann and Langbein, with the improved Ber 
thelot method, and are taken from the table the Centralblatt fur Physiologie for 
1892 (vi), Danilewsky obtained somewhat lower figures for 
average 4900 calories (Centralblatt fiir die medicinischen Wissenschaften, 
1885, xxiii, 678), but these were derived the older Thompson-Stohmann 
process, which was not accurate the Berthelot method, the values given 
Stohmann and Langbein are probably more the only 
native proteid thus far studied which has combustion equivalent lower than 
that pepton. According Stohmann and Langbein 4979.6 calories. 
Berthelot and André found 5095.7 (Centralblatt fur Physiologie, 
iv, excellent résumé combustion methods and results given 
ATWATER: Methods and results investigations the chemistry and economy 
food (Bulletin No. 21, Office Experiment Stations, Department 
Agriculture), 1895, 113; also Lehrbuch der physiologischen und 
logique normale pathologique, 1897, 788. 

STOHMANN und Centralblatt ftir Physiologie, 1892, vi, 156. 
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bustion equivalent milk casein, classified, some, 
cleoproteid, varies from calories. 

the results thus far obtained calorimetric experiments the 
most important for this particular connection are those for 
and Langbein have found the combustion 
André? place 5345.8 This difference 211.8 calories 
may attributed variations the composition the product 
burned, for with approximately per cent carbon 
and per cent oxygen, mixture consisting mostly cartilage 
gelatin, chondromucoid and chondroitin almost 
impossible make two preparations the mixture having the same 
composition and which the proportions the components are alike. 
observed, however, that, even the higher figures 
accounted more correct, the value expressed them still about 
low any thus far determined for animal proteid —even for the 
hydrated forms such The lowered potential energy 
chondrin,” well its lowered percentage carbon and the raised 
proportion oxygen, may reasonably attributed great part 
the carbohydrate portions the contained 
acid and 


DETERMINATION. 


METHOD 


The determinations heat combustion our own experiments 
were made Berthelot bomb calorimeter modified and improved 
Atwater and Blakeslee. Most the experimental work this 
connection was done Mr. Hawk, the chemical laboratories 
Wesleyan University, the privileges which were 
extended for the purpose Professor Atwater, whom are 


STOHMANN und LANGBEIN: Loc. 

DANILEWSKI, working with the older and less accurate method, found 
4909 calories: Centralblatt fur die medicinischen Wissenschatten, 
678. 
The values for heat combustion connective tissue collagens have 


been the hydration product mixed collagens, commercial 
gelatin, the value 5,270 calories. ATWATER: Report the Storrs (Conn. 
Agricultural Experiment Station, (Fish gelatin calories 


B. DANILEWSKY, Zoc. ci7¢.). Cartilage gelatin has not been studied, in this con 


nection. The combustion equivalent disaccharides averages calo 


polysaccharides about 4200 calories. 


| 
q 
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420 Hawk and William Gies. 


greatly indebted, also, for many courtesies and 
assistance. 
Combustions pure substances known calorific power were 


FIGURE Atwater-Blakeslee 
bomb calorimeter and acces 
sory apparatus arranged 
for combustions. The plati 
num lined bomb steel, 
holding oxygen and the sub- 
mersed water contained 
metal cylinder (Q); the 
latter surrounded con 
Air spaces between the outer 
cylinders favor retention 
heat the water. 
kept motion with the 
aid stirrer (SS) driven 
by a small electric motor, 
thus equalizing temperature 
Oxygen is forced into the 
empty bomb through the side 
passage (G) the neck 
sage made the valve 
screw (F). electric cur- 
rent, for fusing the iron wire 
over the substance 
burned the capsule 
conveyed 
wires (W, V), one which 
(W) connected with the 
valve screw (F) 


wires inside the bomb (1), 
and the other (V) with the 
insulated platinum wire 
which passes through the 


cover the bomb. The 
thermometer graduated hundredths degree, and capable being read 
thousandths with magnifying 


made intervals test the apparatus and manipulations. The cus- 
tomary method ignition, means iron wire, was used, and the 


For full description see ATWATER and BLAKESLEE: Report the Storrs 
(Conn.) Agricultural Experiment Station, 1897, 199. 
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necessary correction made for its heat combustion 
tion was also made for the thermal changes due 
nitrogen the proteid nitric acid quantities 
sample burned completely without special 

mucoid were burned the preparat 
ind No. 6 (see prece ling section ) were selected for the purp 
but one the tendon mucins employed for the purp 
prepared and analyzed Cutter and and 
proteids, made fractional precipitation methods, 
sheath and the shaft the tendo Achillis the 
preparation, was made and yea 
Chittenden at (ries The preparations of hondrom 
yxidized in the calorimeter were made by Mornet meth 
for this worl Preparation mixed 
the ox; preparation only the glucoproteid 
analyses, duplicate, were made the 
page 2 

the summary page 422 the figures duplicate 
under heat represent small calories 
ume per gram substance dried 100-11 constant 
the analytic figures represent elementary 
anhydrous substance; complete averages ita 
included 

DISCUSSION 


striking feature the results for 
fact that they are uniformly low. The 


the figures for potential energy all 


the hydrated forms, and even beneath the 


for fibroin (see page 418) result was naturally 
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however, because the decreased proportion carbon and nitrogen, 


and the raised percentage sulphur and oxygen produced these 


} 
t 


compound substances the union proteid with carbohydrate and 


sulphuric acid radicles their construction. The general average 


equivalent falls about midway between the figures for calorific value 


polysaccharide and albumin 


Very little stress can laid the differences shown the above 


table for the separate groups, because they are entirely too slight, 


and quite within the limits unavoidable experimental 


the other hand, the group agreement decided the main that 


further experimental evidence furnished, think, the chemica 


similarity and close relationship the three substances, groups 


substances, under examination interesting, also, find that 


such differences are expressed the group averages 


with the fluctuations amount carbon and oxygen, the equiva 


1 


ads CNC 


lents increasing the percentage carbon rises, and falli 


oxygen goes proportion 


The above average figures for composition and combustion equiva 


i 


lent are brought into direct comparison below with similar average 


given Stohman and 


The general relation our results those obtained for 


mon proteids and albuminous mixtures clearly shown 


table averages page 424 that further comment unnecessary 


Results not our own are elected from those for ma i t ‘ Luly 


— 


| 
Cor t 
Investigators Sulstat 
m 
Lan t tal proteids 
not mchadiu mu S264 70S 16.00 10 
rds 
A 
Hawk and Gries ( onnective tissue giu ( : {) 
proteids only 


Combustion Combustion 
equivalent equivalent 


Small calories Large calories 


For substance 
ontaining 


of carbon 


10.68 
10.435 


10.89 


SUMMARY CONCLUSIONS. 


substance, designated osseomucoid, having the chemical 
and physical qualities mucin and may extracted 
from the rib and femur the with lime extraction 
may made most satisfactorily from ossein prepared, the form 
shavings, from bones which have previously been partly decalcified 
with very dilute acid per cent 

This discovery makes evident that ordinary compact bone, like 
the other forms connective tissue, does contain mucin substance, 


and further, contrary deduction, that the process 


ossification the connective tissue matrix completely removed. 


The percentage composition seven preparations osseo 
mucoid varied between the following extremes, with the subjoined 
general averages for the seven, also for the four agreeing quite 
closely and which particular attention was given process 


purification 


424 Hawk and Gies. 
Percentage Percentage 
Substance if if 
carbor 
Per gram 
* Ossein.’ S414 30.10 460 
Chondrin 5346 10.454 23.03 
Fish gelatin 524? 1080 18 52 25.54 
Fibrom S097 10.60 41 
kxtremes 40 7 14.44-11.72 1 .40-2.55 Y2-32 6S 
\vera 1-7 7.53 6.92 }2.S5 30.65 
Avera 1-7 707 1} Os » 4] 
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probable that there are two more glucoproteids 
judging from the variations noted the results for percentage 
composition. 

does not contain phosphorus. Between 
per cent its sulphur may split off boiling dilute 
hydrochloric acid. 


The energy liberated oxidation the mucin 


stances, as 


represented osseomucoid, tendon mucin, and chondromucoid, 
less than that for any other form proteid except The 
average twenty duplicate determinations for ash-free substance 
small calories per gram, just midway between the 
11 le 1} ler h; 
equivalents for and 
average potential energy tendon mucin 
4 + 
(5009), and chondromucoid (4883) found nearly the 
for each substance that additional experimental evidence furnishe 


the very close chemical relationship these connective 


carbon and oxygen substances appear account for the 
minor fluctuations the figures for combustion equivalent 
average elementary ash-free percentage composition the 
samples typical glucoproteid studied the combustion method 


for elementary ash-free composition the preparation 
tendon mucin and chondromucoid studied this connection 


quite well with those for similar products 


Morner and Chittenden and Gies. observed 


ht t y st that tendon ana 


variations are slight, 


cartilage each contains several closely related mucin substance: 


{ 
: 
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EXCRETION KYNURENIC ACID 


earlier communication! the importance and interest 


body was pointed out, and the literature the subje 


some length. The experimental data obtained led the writer the 


conclusion that kynurenic acid formed connection wit 


katabolism the dog, and does not owe its immediate 


putrefactive changes the accord with this view 


was observed that larger excretion kynurenic 


accompanies increased 


ism, whether 


} 


brought about starvation, ingestion various proteid foods, 


or by the action of certain drugs.* The significance of various pro 


teids (animal and vegetable) was investigated, and 
influence gelatin suppressing the excretion kynurenic acid 


with the formation kynurenic acid has brought further evidence 


in support of certain conclusions already advanced, ind has added 


methods emploved have been essentially the same as those already 


described in the first papel ‘| he food materials not specifically dis 


cussed below were commercial cracker-dust containing 1.5 per cen 


nitrogen and termed food; the fat used was 


lard practically free from nitrogen; the was usually 


precipitated from skimmed milk and contained from 3.9 pet 


cent nitrogen; the was commercial product 


per cent nitrogen; and addition various mixtures 


organic salts, including that suggested Munk,’ were 


~ 


istered when pure foods were fed. 


tellurium compe nds Thi PQOT, Vv, p. 


MUNK 


(SECOND 


INFLUENCE FASTING. 


the first paper the excretion kynurenic acid attention was 
directed the occurrence this substance the urine fasting 
dogs under conditions where body proteid 
broken down. This observation added support the view that 
kynurenic acid originates the true metabolic processes the 
organism, rather than directly putrefactive changes the intes- 
tine. the abstract our paper which appeared the Central- 
blatt the reviewer has taken occasion question 
this conclusion. The following experiments are therefore recorded 
order give further evidence our earlier statements. Dogs 
various sizes were confined cages, and water alone was given 
them. The urine was collected after several days’ fasting and 
analyzed. every dog, except one, kynurenic acid was obtained 
under these conditions quantities varying from mgms. 158 
mgms. per day. With reference the single animal which failed 
yield kynurenic acid even after quite prolonged fasting, ought 
stated that this dog somewhat large one was under observa- 
tion the laboratory intervals for nearly year, and 
acid could isolated from its urine any time. Neither after exces- 
sive meat diet, nor after injections phlorhizin (which were found 
very effective other dogs and which produced marked glycosuria 
this animal), could even kynurenic acid detected 
The animal was finally killed; superficial examination the 
internal organs revealed nothing abnormal. 
Protocols the experiments follow 

‘The urine medium sized dog was collected the seventh and eighth 
days fasting. 239 c.c. collected contained mgms. kynu- 
renic acid. 

the last two days contained 338 mgms. acid. 

urine medium-sized dog, collected the sixth day fasting, 
contained mgms. kynurenic acid. 

IV. ‘The urine splenectomized dog was collected the seventh day 

fasting. hundred c.c. contained 267 mgms. 

urine another fasting splenectomized dog 


yielded one day 204 mgms. 


all the analytical determinations this series were 


It Holme Jackson 


¥ 


On the Of A ynure Acid } 24) 


oleum phosphoratum U.S. food during 
intoxication. was observed for day the 
collected during the last four days there were found 187 mgms 


VI. starving dog kilos the average mit 
found to be 2.6 vrams; the excretion of kynut 


INFLUENCE INTESTINAL PUTREFACTION. 


The experimental data upon which the theory the intestinal 


origin kynurenic acid has rested were reviewed 


our first paper. consideration the criticism there ottered, 


calomel 


) 


A ENPERIMENT WITH CALOMEI 
Wright 
Davy Vol Nitue h 
12.0 380 home ) 
11.7 
- 
13 325 0.07 | 


evidence favor this view seemed inadequate. was 


excretion kynurenic acid was observed dog which several 


days’ fasting and repeated doses calomel had freed the intestine 


processes, shown the absence ethereal 


sulphates from the urine. The significance this single observation 


scemed sufficient importance demand repetition the experi- 


ment. The plan was essentially the same Baumann’s experi 
EXPERIMENT 
160 present meat, 250 
10.0 70 ‘ 265 
ment; the dogs went without food, and calomel was given gelatin 
capsules intervals indicated the tables Water was 
freely given. The calomel always produced the typical symptoms, 
diarrhoea, etc. the animals not even the slightest traces 
ethereal sulphates could detected the urine 
method. The Jaffé-Obermayer test for indican also gave negative 


The influence subsequent feeding proteid shown 


with Dog and the typical effects gelatin suppressing 


acid excretion are also indicated with this 


observed noticeable 


5 
| 
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On the of cloid. 


ethereal sulphates after the administration 

doses ol five grams to a dog was not withheld. 
repeated this experiment and determined the dail 


renic acid. decrease was found during four 


contrasted with preceding days without 


meat, 


calomel, 


was necessary give somewhat smaller doses iodo 


form (four erams ), and even these proved extreni ly toxic. lhere 
was considerable unabsorbed found the and 
was found the urine. The ethereal sulphates 


administration Nevertheless the output acid distinctly 
increased effect which are inclined attribute stim 
lation proteid katabolism the drug, indicated the figure 
for the nitrogen output must also borne mind that 
part the ingested food (containing 6.1 grams 
day) was retained during the iodoform period 


( EXPERIMENT WITH CALOMI 
Nt 
\\ 
Day. 
\ 
( 
iN (stat 
} 14 250 23) ( 
q 


79 140 5.1¢ 125 }25 100 
150 O132 }25 ‘ 100 


contrast with the undiminished kynurenic acid excretion which 
was obtained after iodoform administration both 
ourselves are his results with other Haagen determined 
the daily kynurenic acid output abundant meat dict, 
during preliminary period about week (in each experiment 
and subsequent period equal length during which some anti- 
septic was thymol, and naphthalene were 


results may summarized brietly follows: 


DAILY EXCRETION KYNURENIC ACID 


+ 
Foop 
(jrams 
7 44 10) O374 = 
1 Pog vomit fr 1.5 grams N 
Dog vomited food 1.3 grams 
Dog vomited nearly all food 
Preliminary Antisept 
Decrease 
: Intestinal period period 
Antiseptic 
Per cent. 
0.603 0.522 13.4 
Salol : O406 0.275 
Naphthalene 0.432 0.199 54.0 
lodoform O59] 0624 none | 


It has already been noted in connection with thes 
that the explanation the increase acid 


nitrogen determinations experiments 


give definite answer this regard. With 
have, therefore, repeated the salol 


Our salol trial was made bitch 


constant diet 450 grams meat (conta 
nitrogen) and fat daily. The 


daily periods the use catheter, and the 


were separated off means charcoal and 


nary period three days was followed fou 
grams salol were given experime 
after-period three results are 
SALOL 


The decrease in kynurent out 


even more marked than 


estimations, furthermore, show that the 
not found any marked change 


since the relation between nitrogen intake and 


same each period. 


food was hashed meat; only the urine mit 


enic acid were estimated. period consisted three 


this 
thalene 
rine 
heces 


analyZea 


days 


‘ | W ? 
tin mind w 
CXp ritye'l ts 
reach 
was conciuded wit 
below 
Analyse 
\ ri 16.13 4 
Via ( 
ition for this” effect 
proteid metabolism 
+} 
In another ae 


NAPHTHALENE EXPERIMENT 


in grams.) 


Haagen has reported experiment which observed 
crease 40.9 per cent the daily output kynurenic acid when 
sterilized meat was fed place like quantity raw meat. 
again there are data regarding the relative utilization the 
diet; the decrease attributed diminished activity putrefactive 
bacteria during the diet sterilized food. noticeable 
difference the intensity the indican reaction for the urine 


the two periods was observed. have repeated this experiment 


also bitch 16.2 kilos. The daily diet consisted 350 grams 


lean meat (13.3 grams and 100 grams carbohydrate food 
with water. the second period three days the fresh meat was 


steam. urine was removed catheterization. 


STERILIZED MEAT EXPERIMENT 


O.O76 


OOS9 


The decrease the quantity kynurenic acid excreted during 
the feeding the sterilized meat 22.5 per cent less 
than that observed Haagen. ‘The slight difference the nitrogen 
output the two periods points explanation the variations 
the production kynurenic acid. 


> 
(The tigures express the daily averages, 
URINI 
Dike. 
Nitroge Kynu i 
Meat, 343 
Mea HW) / 
14.7 none 
(The figures express the daily averages, in grams.) 
Diet 
(3 cays.) Nitrogen Kvnurenic aci 
meat, et 11.43 
Sterilized meat, 12.19 


review all the data presented means compels the 
conclusion that the ite origin acid 

utret tive proce > ta } e the 
put elact t pre esses t price ra 


with the experiments with sterilized meat the 

Dog and the tact that large yields have repeatedly been 
tained with pure foods. have been observed between 


the output alter casein that has remained about the 


Lhe constant occurrence of normal quantities ot KVYbDUrenic a in 


the calomel and experiments, taken connection with 


evidence diminished intestinal putrefaction ascertained the 
estimation ethereal sulphates and the indican 
urine, seems more decisive than the results obtained 

naphthalene, and tl ymol, We can offer no detimite explanat ‘yt 
that they all combine in som«¢e Way with an antecedent of kynureni 


acid which thus escapes tletection. Phus tar, however, we have becn 


unable demonstrate obtained marked diminu 
tion acid excretion with napbthalene only Neithe 
nor Hlaagen was able induce kynurenic acid formation from 
compounds. With indirect methods ¢ wa t 


evidence the kynurenic acid. theretore 


agree, this connection, with the expressed 


that the one result thus far 


dependence the acid output the character the 
our view that the rather than pro 


cesses are here involved, turther evidence may now be presented 


[INFLUENCE OF 


Phosphorus. experiments with have demonstrated 


that kynurenic acid may excreted noticeable quantity 
absence putrefactive processes the intestine. 


acid arise in the processes incidental to proterd metabolism, wi 


korper; Dissertation, 
CAPALDI: fur phystologische Cher 


| 
+ 


may reasonably look for increased production the acid when 


these processes become stimulated. Evidence this direction has 


already been obtained previous experiments 


The output kynurenic acid these cases was increased simul 


taneously with the increase nitrogen elimination follow 
ing the administration the drug. can now report equally 


decisive results phosphorus poisoning. The great rise 


metabolism which this condition brings about has been demon 


strated various writers. This increase is, fact, only paralleled 


that phlorhizin diabetes. The rise represented 


EXPERIMENT WITH PHOSPHORUS 
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figures 295, 302, and 287 per cent phosphorus poisoning dogs 


may compared with 540, 450, 340 and 340 per cent found 


} 


after giving phlorhizin fasting dogs, 


Reilly, Nolan, 
although may noted the proteid metabolism diabetes appears 


somewhat 
our own experiments the dogs were fed (with casein and 


cracker-dust) long possible during the progress the poison- 


ing. found, contrast with the usual effect such 


poisons, that the rise nitrogen excretion phosphorus poisoning 
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literature reviewed this paper. 
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was not very however, bile elements were 
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Dog characteristi 


were less acute than the 
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acts more energetically when metabolism 
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animal. and tyrosin were found the urine, final 


autopsy revealed the changes the live: 


and alimentary tract. almost perfect parallelism between nitro 


elimination and kynurenic acid excretion recalls 


effect noted phlorhizin the writer such results 


seem speak favor the metabolic origin the kynureni 


acid, 


Sodium oxalate. Harnack has ascertained that indicanuria may 


brought about man and the dog administration oxali 


sulphuric acid. The most successful effects seem produced 


G.— WITH SODIUM ONALATI 


casein, 


; sod. oxalate, 


022 


the neutral sodium oxalate injected very small 


(non-toxic) doses suffice. The 


means constant, and occasionally the effects the oxalate 


were very tardy their appearance. investigation this 


problem desirable. has reached the preliminary con 


clusion that this type indicanuria the outcome tissue 


metabolic transformations, rather than intestinal origin. seemed 


interest, therefore, study the excretion kynurenic acid 


dogs which experimental indicanuria the type indicated had 
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been brought about. Harnack offered 
extent proteid metabolism the course the 
have directed attention this important 
the nitrogen content the urine 
Comparative tests for were 
Obermayer reaction. The doses sodium oxa 
parable with those recommended Harnack 
indican reaction became more pronounced att 
continued increased for from two five 
only was increase nitrogen and 
observed, and this occurred when the 
This dog received daily casein and carl 
ordinarily afforded very little 
increase nitrogen kynurenic acid output 
the third animal, fed gelatin and carboh ate 
excretion was suppressed usually after 
Hydrazine sulphate. invo 
zine sulphate fasting dogs gave 
the poison was evident the 
pearance allantoin the urine, 
The disere pancies in the analytical data obt 
they not yet justify detailed report 
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expressed the following egg-albumin with bread, fresh 
meat, Liebig’s extract with bread, desiccated-meat powder, 
spleen, bread. was found give considerably 
sults; Josephsohn concludes that the nucleins not take part 
the formation kynurenic acid and may even check its production 
from other suggested that the latter action might 


nucleic 


attributed disinfection the alimentary tract 
acid, which assumed have marked antiseptic properties. 
have already pointed out, however, that the intestinal 
kynurenic acid means demonstrated; furthermore 
questioned whether nucleic acid possesses marked action this 
character. Josephsohn summarizes his experiments with the state- 
ment that the quantity kynurenic acid excreted approximately 
proportional the extent proteid decomposition and the quantity 
ingested proteid. Independently Mendel and Jackson arrived 
similar conclusion, and they found that kynurenic acid excretion 
follows the ingestion both animal and vegetable proteids, 
proteoses (Witte’s Further investigations are now 

The absence kynurenic acid from the urine 
when gelatin fed was discussed length the earlier paper.! 
large number additional experiments many 
demonstrated the constancy this effect. fact, the 
gelatin manifested quickly that have repeatedly employed 
marking off successive feeding periods with different 
single feeding usually suffices make the urine free from 
kynurenic acid, that the following days the specific action 
the product under investigation can manifest 

view this peculiar deportment gelatin metabolism, 
became interest study the effect other For this 


purpose hydrated cartilage so-called 


and elastin were fed. The former was prepared heating 
the carefully cleaned tracheal cartilages sheep 
ensued. material was eaten the form jelly. The 


removal connective tissue, the ligaments were cut finely and 
heated water for few minutes. The material con 
tained 7.7 per cent nitrogen. found experiments 
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man that elastin digested moderate quantities 


the body. Although fed very large amou 


elastin was utilized the dogs. acid 


either after the elastin feeding the cartilage die 


exception one day, will seen from 


sults with elastin were also confirmed similar 
splenectomized Elastin differs from gelatin 


quantities tyrosin decomposition 


casein 


hydrated cartilage 


Glycocoll. 


relatively large quantities per cent) 


after feeding gelatin rabbits, Parker and Lusk? 


demonstrate any unusually large 


mediary metabolism. seemed appropriate 


influence kynurenic acid formation 


peculiar action gelatin this 


which suggested itself was that the 


amounts, might combine with aromatic radicles 


prevent their synthesis into kynurenic 


itin differs from the ordinary prot 
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four and five grams respectively glycocoll along with 


another dog was administered along with gelatin 
diet benzoic acid was excreted hippuric acid (benzoy! 

somewhat crude product fed was obtained 


precipitating with alcohol the concentrated filtrates from large 


coagulated diluted contained 10.6 per cent 
the absence references its decomposition pro 


three per cent small quantities tyrosin were 
etfects the feeding experiment pronounced. 


Thymus, thymus feeding experiments have already 


referred experiments which have made con 


firm his thymus powder prepared 
and Co. was contained 13.8 per cent some 
the experiments gelatin diet was made precede the thymus 
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feeding, order exclude the effect the previous proteid diet. 
The kynurenic acid excretion was suppressed greatly 
diminished every instance. This was not due any deficient 
absorption the nitrogenous food, the figures demonstrate. 
(See Dogs man have observed diminution in- 
testinal putrefaction during thymus feeding and find occasion for 
accepting theory possible antiseptic action the 


nuclein 
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That thymus feeding does not diminish intestinal putrefaction, has been shown 
Weintraud and Lewin. See Zeitschrift fur klinische Medicin, 
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Pancreas and lymphatic glands The diminution 
ymp 


acid excretion observed during thymus feeding led try pancre 


and lymphatic glands. These resemble the thymus yielding 
allantoin and increased uric acid output both the dog and 
the Undoubtedly, however, both glands contain more the 


simple proteids than the thymus. Good yields kynurenic acid were 


+ 


obtained with each, the protocols show. (See Experiments M.) 


EXPERIMENTS WITH PANCKEAS LYMPHATIC GLAND 
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Vegetable proteid. Kynurenic acid has frequently been found 


the urine after diet bread. Mendel and Jackson first showed 
that the crystallized vegetable proteid prepared 
seed, calls forth excretion kynurenic acid equally large 
that following ingestion blood-serum have since fed 


the vegetable proteid amandin, obtained from the sweet almond. 
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This substance, which was isolated and described 
particularly interest because its very high nitrogen content 
preparation, which owe the kindness Dr. Osborne, 
contained per cent. will observed the tables that 
vegetable proteid also readily yields kynurenic acid metabolism 


the value the pure vegetable proteids nutrition has lately bee: 


emphasized from other 


gelatin, 35; ite, LOO 
amandin, 
gelatin, 35; 
Cleavage products the proteids. investigation the role 


various foodstuffs the production kynurenic acid, attention 


was directed the cleavage products the proteids. the 
ingestion proteoses may followed kynurenic acid excretion 
has already been demonstrated with Witte’s peptone. have 
conducted more systematic series experiments with the cleav 
age products casein which were obtained gastric digestion, 
tryptic digestion, (¢) decomposition with acid. The gastric prod 
ucts were prepared treating casein for two days with 
very active pepsin-hydrochloric acid containing 
cent The fluids were neutralized with 


and after removal the neutralization precipitate 
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been pointed out who was unable maintain nitrogen 


equilibrium dog fed heteroproteose, whereas the 
yielded perfect nitrogen balance. heteroalbumose was part 
prepared from Witte’s peptone Pick’s method described 
Blum; part was prepared from fibrin digestions. con 


tained 14.9 per cent nitrogen. ‘The remainder the 
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composing the peptone after removal the heteroalbumose 


with was also prepared for feeding. contained consider- 
able protoalbumose. hemialbumose have designated mixed 
proteoses obtained treating egg-albumin with sulphuric 
acid for short time. 

general plan the following experiments was feed gelatin 
the dogs until the excretion kynurenic acid practically ceased. 
The cleavage product was then given between two gelatin days. 

every instance the heteroalbumose occasioned very marked 
output kynurenic acid, less than half excreted 
small dog (S) after administration grams the 
the same animal mgms. were excreted after ingestion only 


nine grams heteroproteose, despite simultaneous feeding twenty 
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previous observation Hauser! and Hauser introduced 
two grams tyrosin into the stomach dog which excreted 
kynurenic acid, without producing any effects; same outcome 
followed intravenous injection one gram the same animal 
Solomin reports similar negative result. The importance the 
problem led repeat the trials under varied conditions. 
was given during (1) starvation, (2) casein diet, (3) gelatin diet. 


will seen the protocols, the excretion kynurenic acid 


peculiar the conditions referred was way altered. 
could demonstrated. can longer point the 
absence tyrosin-forming aromatic groups the proteid molecule 
satisfactory explanation the disappearance kynurenic acid 


for the one hand tyrosin and gelatin 
together fail yield kynurenic acid, and the other hand accord 
ing Pick,’ heteroalbumose, which readily leads abundant 


vield- 


output the acid, extremely deficient and indol- 
ing have shown that the combined cleavage 
products casein fail yield kynurenic acid metabolism despite 


the presence tyrosin among these products. 


INFLUENCE VARIOUS ORGANS. 


The liver interesting research has pointed out 


how the study the autodigestion the liver promises throw 


upon the intermediate processes nutrition. our studies 
lead look upon acid product proteid meta- 
bolism, have tried first all find traces this compound 
the liver the dog. Two methods were (1) 
was finely comminuted and extracted with dilute ammonia. The 
solution was then heated boiling aid process was 


repeated several times with the residue, and the filtrates were all 


united, concentrated small volume and examined 
method for kynurenic acid. (2) Two fresh, comminuted dog livers 


were allowed digest separately for day with 


Considerable material passed into solution, autolysis 
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ammonia was added; the was 
treated as in (I One of th wers came trom 
treated with phosphorus and 
siderable The results were all 


The organ apparently takes 


the production kynurenic acid Determinat 


under various conditions nutrition, and dim 
cretion kynurenic acid uric acid has ever 

The pancreas. 
been completely extirpated 
from the bladder about thirty-six hours 


Kynurenic acid regularly found the 


always present when the putrefactive 


} ] } sAmiinict 
have been completely checked 


proteid metabolism stimulated and the excretion 


also augmented. With salol and naphthalene the 


without any marked decrease the quantity 
Similar results were obtained with sterilized meat 


Poisons like phosphorus which 


proteid Kataboism, occasion a pronounced increa 
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investigated further Kynurenic acid not obt 
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are broken down beyond the stage where products giving the 
reaction are present, the organism longer responds the usual 
way. Kynurenic acid not formed. Proteose feeding accom- 
panied large excretion kynurenic acid. Glycocoll apparently 
does not interfere with its elaboration. obtain evidence 
the synthesis kynurenic acid from tyrosin under various con 
ditions failed. 

The various organs kynurenic acid production has 
been considered. 
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THE GLAND. 


most recent and many respects the most important 
7 


tribution our knowledge the active principle the supra 


renal gland, although not from Dr. Jokichi Takamine 
who has isolated the blood-pressure-raising principle the gland 
stable and pure crystalline form, method which claims 
entirely different from any yet employed. this body which 
very active raising the blood pressure, has given the name 
Adrenalin.” 


Adrenalin describes micro-crystalline substance occurring 


least five crystalline forms according the kind and condition 
the solvent perfectly stable when dry, and melts 
decomposition 207° slightly bitter taste, and leaves 
numbed feeling the tongue. The hot saturated aqueous solution 
deposits crystals aqueous solutions standing turn 
from rose color red and eventually brown. Acids dissolve readily 
The color reactions, observed the various workers this fiel 
are given for the most part intensified manner. None the 
following alkaloidal reagents gives with adrenalin 
(presumably using the acid solution); mercuric potassium iodide 
tannic acid; phosphomolybdic acid; phosphotungstic acid 
mercuric chloride: potassium bichromate 
salts hydrochloric and sulphuric acids are very soluble 
water, and hence difficult obtain The 
very sensitive oxidizing agents, especially the presence 
alkalies. 
The physiological activity the pure product 
one drop aqueous solution the chloride having the strength 
10,000 capable blanching the normal conjunctiva within 


thirty sixty seconds while gram per kilo body 
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weight, injected intravenously, raises the blood pressure 
mercury. this can readily calculated that little 
0.000002 gram less used similar manner sufficient pro 
duce distinct physiological effects adult. 

the summer 1900 the author succeeded obtaining from 
suprarenal glands very small quantity semi-crystalline sub 
stance which possessed activity when injected 
intravenously into animals, and which gave the characteristic 
reactions with ferric chloride, etc., described the various workers 
this field. few months later larger quantity this same 
body was obtained distinctly crystalline and pure condition 
was now possible investigate the substance 
way, and make combustion analysis. Before this work could 
completed, however, Takamine presented preliminary paper 
fore the Society Chemical Industry its meeting New York 
City the latter part January. From this communication was 
learned, comparison the physical and chemical properties 
the two bodies, obtained independently each other, that they were 
practically the same. Further study confirms their identity they 
correspond practically every respect. 

The method used the author the following. The 
finely divided glands are repeatedly extracted with water acidulated 
with acetic acid temperature sufficiently low prevent any 
preciable coagulation proteid. The united extracts are then heated 
boiling and, after cooling, the coagulated proteids removed fil 
45° small volume and after cooling neutral lead acetate 
added complete precipitation. The lead precipitate removed 
filtration and the excess lead removed from the filtrate with sulphur- 
etted hydrogen. This filtrate then evaporated vacuo small 
volume and precipitated with from four five times its volume 
per cent alcohol, filtered, and the alcoholic filtrate evaporated 
very small bulk even dryness, taken with water and filtered 
this filtrate alkali, preferably ammonia, added, whereby 


short time the active principle precipitated, usua 


Although neutral lead acetate was used first process, found later that 
this could dispensed with, and alcohol (g4 per cent) used remove the greater 

the inert substances. was found several times that the most 
ictive and purest specimens were obtained when lead acetate was used, the lead 
doubt removing some other principles well inorganic substances 
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small lumps with radial markings, often however the tor 


individual crystals, the 


decantation with very dilute 


tive principle 
water, placed upon the filter, washed with cold water until the alkali 


able work far possible atmosphere free from oxygen, 


the active principle very sensitive towards oxidizing agents, esp 
ally neutral alkaline solution 
The product obtained from the first experiments contained trace 


ained which were practically tree 


] } 
ash, but later specimens were obt 


from ash, and finally specimen which contained 
pared from crude product portion specimen 
which was obtained very pure form the author and which 


was used part for the combustion analyses given below, has 


tained its original yellow almost white color for six 
months, while losing none physiological activity 
specimen, which consisted individual crystals, was shown the 


blood pressure experiments the purest specimen, far 


physiological activity measure purity, that has come 


our observation. 
are ve m} ] » hap ¢ wit 
Be ow are giveh some CombpuUSTION ana yses made DY THe Wit 


purified product and with that prepared the 


itho: 
process. éAlthoug 


not final they may throw some light this 


portant subject. specimens were dried for some time 


] 2972 gm oft oay 60332 
58.11 per cent and 7.17 per cent 
gm. the substance gay 5728 CO, and 0.1755 gm. 


57-95 per cent and 7.23 per cent 


nitrogen determination from the same substance gave the follow 


ometric pressure Of 742 mm. 7-79 per cent 


barometric pressure 744 7.53 per cent 


° 
over sulphuric acid and contained weighable amount ash 
1 ‘This ash-free specimen was prepared tor me b Mr. LB vith oft : 


these figures have the following results 


7.20 
7.66 


100.00 


ALDRICH. 


0.1667 gm. the substance gave 0.3554 gm. CO, and 
H.© or 58.15 per cent C and 7-32 per cent If. 


ave 0.4344 and 0.1347 gm. 


0.2056 yum. of the substance 


57.64 per cent and 7.34 per cent 


nitrogen determination from the same substance gave the follow- 


ing results 
o.1852 gm. the substance gave 12.5 c.c. 21° and undera 
barometric pressure 744 mm. 7.49 per cent 


these figures have the following data 


I Ave ¢ 

( SS 18 37.64 37.89 
734 7.23 
749 7.52 7.50 
100.00 100.00 YOY 


comparison these analytical data shows that the two -sub- 
stances obtained are identical, and using them basis for calculat- 


ing empirical formula the simplest body obtainable represented 


the 


i ‘ ‘ 2 
N 7.39 7.53 
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Abel? his latest publication discusses the analytical rence 
that exist between the his former papers and the 

} ] lt } ; 
what less altered native principle suggests that 
derivative, one benzoy] group being ret uned, In WhICH Case epine] 


would the monobenzoyl derivative the native pri 
benzoyl residue from for epinephrin 
obtain formula which not very far removed from 
that adrenalin difference that can readily 
plained suppose either the substances contaminated wit! 
other bodies 
not care the present 
this compound, but will leave this for future communication 
the completion some interesting work that have well hand now 
and which will shortly 
will add conclusion that all the chemical contribut 
this difficult subject from the time Vulpian 1856 until the 


last few years are value directing attention this body 


discovering certain more less isolated facts relation the 
really important contributions have peared comparatively recently 
Before the physical and chemical properties substance 
determined definitely and its chemical constitution known must 


isolated pure form some its derivatives must obtained 
pure, Abel has isolated at least the salts of “ epinephrin in an 
apparently pure form, but very small quantities; and 
myself have isolated what the present time appears the 
principle quantities sufficiently large for exhaustive investi 
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AFTER LIGHT IMPRESSIONS. 


Introductory and historical One the simplest and most elemental 
the problems vision the determination the total duration 
luminous sensations. its obvious theoretical importance 
surprising that little attention has been given its solution. 

was known the ancients that the sensation light persists 
longer than its cause. Newton conjectured that might last 
second. The first attempt determine experimentally its duration 
was probably made 150 years ago. made use the 
fact, probably known for ages, that spot moving circle 
with sufficient rapidity appears ring light. employing 
glowing coal, and fixing one part the luminous ring, estimated 
the time required just complete the circle. have not access his 
original publication, but according Bosscha? found the neces- 
sary time second. Helmholtz,* however, states that was 


SEGNER: raritate luminis, 1740. 
Graefe’s Archiv Ophthalmologie, 1894, xl, Abtheilung 22. 
HELMHOLTZ: Physiologische Optik, zweite 
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second. make the discordance statement greater, 
cords Segner’s result second. doubtless error, there 
fore shall assume that Segner found that the duration visual 
sensation was about second. 

Twenty-five years later d’Arcy, employing similar method, found 
the duration vision 0.13 second. About the beginning the 
century Cavallo estimated second. 1829 Plateau pub- 
lished his inaugural dissertation,? which records the results 
his experiments determine the time the persistence vision 
employed modification method, which colored 
papers were substituted for the incandescent coal. found the 
time, varying slightly with different colors, about second. 

evident that the attempts these early experimenters were 
discover the total duration the light sensation after momentary 
stimulation the retina. When the sight immovably fixed upon 
one spot the luminous ring Segner’s experiment, every part 
the retinal circle corresponding the ring momentarily excited 
once during each revolution the spot light. The ring light 
will just complete when the sensation due the excitation any 
element the retina vanishing when the next stimulus received. 
The rate revolution the spot light necessary for the comple- 
tion the luminous circle the measure the total duration the 
sensation. must borne mind that the total duration very 
different from the duration the maximum sensation. some 
confusion upon this point. The duration the maximum sensation 
revealed the familiar experiments with rapidly rotating disks, 
where differently colored shaded sectors are made blend into 
uniform resultant color. well-known that the more intense the 
illumination the disk, the shorter the duration the maximum sen 
sation. Helmholtz likens this the more rapid loss temperature 
the hotter two bodies. the case the total duration the 
sensation would natural expect the converse this law 
true. 

remarkable that, until recently, the early experiments that 
have mentioned were the only ones record that have been made 
determine the total duration visual sensations after momentary 
stimulation. equally remarkable that they have been almost 

Ferry: American Journal Science, 1892, 192. 
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entirely ignored the standard text-books. Plateau made critical 
summary his previous work this direction, after fifty years’ devo- 
tion the study the subjective phenomena vision, but does 
not appear have altered his original estimate the duration 
visual sensations under the conditions his experiments. The chief 
reason for the neglect these studies probably the almost uni- 
versal confusion results momentary stimulation the visual 
apparatus with those due comparatively prolonged action light. 
Here the influence Helmholtz’s teaching has been paramount. His 
view was that after the action light the retina ceases, there 
continuation the primary sensation for length time varying 
largely with the intensity and duration the illumination. Accord- 


ing him the duration this primary sensation after the cessation 
the stimulus, which termed the positive after-image, may 
seconds, even minutes after prolonged stimulation. view was 
adopted Fick and other authoritative writers and has been almost 
universally accepted the present time. 

Many years ago discovered that after momentary illumina- 
tion objects with electric spark, there sometimes 
tive complementary after-image following the primary sensation. 
also stated that some these experiments there period 
darkness between the primary sensation and its after-image, but that 
this was not invariable occurrence. Notwithstanding these obser- 
vations, his later teaching regard the duration visual sensa- 
tions was substantial accord with that Helmholtz. 

Hering became convinced, considerable time ago, that the pre- 
valent view was not accordance with facts. his instigation 
Hess made elaborate study the after-images due very brief 
stimulation the retina. The electric spark was employed 
source illumination part these experiments, but good 
results were obtained with giving exposures 
second. The experiments were all performed dark 
room. Various sources illumination were used with the shutter 
arrangement, and some experiments monochromatic light from 
spectral apparatus was employed. 

conclusions were follows Whenever the retina 


AuBERT: Moleschott’s Untersuchungen, 1858. 
AUBERT: Graefe und Saemisch’s Handbuch der Augenheilkunde, 1876, ii, 
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momentarily excited light, the primary sensation almost 
measurable brevity. 

Under certain conditions the primary sensation followed 
negative complementary after-image duration somewhat less 
than second. 

Then follows positive after-image lasting ordinarily several sec- 
onds; its duration depends the strength the stimulus, and the 
condition the visual apparatus. 

After the disappearance the positive after-image, second nega- 
tive one sometimes observed. 

very important point abundantly established these experi- 
ments that after momentary stimulation the positive after-image 
not direct continuation the primary sensation, but separated 
from negative phase. The positive after-image, therefore, 
not part the primary sensation, but reverberation con- 
sciousness, somewhat analogous echo. 

evident that estimating the duration visual sensation, 
using the term visual the sense which ordinarily 
employ it, must leave out account the negative and positive 
after-images, and concern ourselves only with the primary sensation 
which precedes the negative phase. According Hess the primary 
sensation extremely brief. estimated the duration the com- 
bined primary sensation and complementary after-image approxi- 
mately second. also stated that the negative phase alone 
had duration nearly second, have right infer that 
regarded the duration the primary sensation very small fraction 
second. 

repeated Hess’ experiments and, the main confirmed his 
results. stated that the duration the primary sensation was too 
short directly measured, but, employing indirect method, 
statement that, his experiments, the primary sensation disappeared 
almost immeasurably short space time, meant that was 
practically instantaneous, like the electric spark that produced it. 
Hess emphatically denied this later His statements 
this article, however, well those the previous one, 
cate that believed the duration the primary sensation 
extremely brief. 

Graefe’s Archiv fur Ophthalmologie, 1894, Abtheilung 

Hess: Graefe’s Archiv fur Ophthalmologie, 1894, xl, Abtheilung 259 
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Object the research.— The first object research was de- 
termine more accurately than had hitherto been done the duration 
the primary visual sensation. evident that this the true 
measure the persistence vision. after-images, ordinarily, 
have appreciable effect consciousness. they did they would 
seriously interfere with distinct vision. only after relatively 
prolonged they noticeably incommode vision. Here 
the effects fatigue assert themselves and complicate the problem. 
not easy give definition visual fatigue; and still 
more difficult draw the line separating the essential phenomena 
every visual act from those due continuation the stimulation. 
Fatigue may pass insensible degrees into pathological condition 
which may long duration, even permanent. number 
cases are record disastrous results vision from too prolonged 
exposure intense light. For the purposes this paper will 
probably sufficiently accurate regard visual fatigue the 
normal effect relatively prolonged exposure light considerable 
intensity. The prolonged action light the eye may, meas- 
ure, regarded the summation large number momen- 
tary stimuli, the effect each one being modified those preceding 
and following it. our attempts learn much possible the 
essential phenomena vision desirable isolate and simplify 
the problems much possible. This the reason for employing 
momentary stimulation studying the duration visual sensations. 
The results obtained this mode experimentation can more 
usefully employed constructing theory vision. Visual fatigue 
nearly, not entirely eliminated from the problem. 

Modifications the Segner experiment.— impossible deter- 
mine accurately the duration vision the subjective methods 
Hess. The graphic method the most accurate one for estimating 
fractions second. can employ method the 
solution our problem. Segner’s experiment essentially graphic 
one which records events taking place different times are 
simultaneously exhibited different parts the visual field. 

easy prove, repeating his experiment, that Segner was 
correct his statement that visual sensation lasts second, and 
that later experimenters were wide the mark assigning 
much briefer duration. After certain amount practice can 
even demonstrated this way that the primary visual sensation 
lasts second. apparatus required except glowing 
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match and metronome. piece incandescent charcoal held 
pincers, any self-luminous object, swung circle the dark, 
may employed. glowing coal soon extinguished: there- 
fore better use some form slow match. have found Chinese 
joss-sticks useful for this purpose. The light given off 
glowing end the stick slight, yet when swung circle 
twice second adark room, the luminous ring complete and 
sharply defined. very necessary this and all experiments 
similar character keep the eye fixed upon the same point 
the eyes move with the luminous object the circle longer 
complete. The experiment much more satisfactory the luminous 
object moved clockwork some other motor. have varied 
the experiment great variety ways. attached 
simple apparatus variable speed, moved clockwork has proved 
itself very efficient arrangement. better apparatus small 
incandescent surgical lamp revolved the same 
intensity the light the lamp can varied within wide 
means rheostat. means another arrangement offering 
certain great advantages the retinal image moved means 
prism and the object stationary. 

The luminous ring obtained these experiments varies intensity 
different parts, but does not ordinarily present complementary 
colors. Its intensity more uniform when the intensity the light 
which causes feeble. will shown later that the ring 
ordinarily obtained, corresponds the primary sensation, and not 
combination this with after-images. The after-image not 
usually visible under the conditions the experiment. 

Stroboscopic methods determining the duration visual sensations 
The Segner experiment crude and open various objections 
obviate these objections and determine more accurately the 
duration the primary visual sensation, have employed various 
stroboscopic methods which have proven very these 
experiments separate portions the field are stimulated rapid suc 
cession such way that comparison effects possible, and 
mutual disturbance reduced minimum. 

When small self-luminous body, like surgical lamp, revolving 
the rate turns second, dark room, viewed through 
rapidly revolving stroboscopic disk, complete ring separate 
nous images seen. This proves that this experiment luminous 
sensations last least second. some practice 
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probably seen that when the object revolves the slower rate 
once second, the ring images nearly, not quite, complete 
showing that Newton was right his surmise that visual sensations 
may last about one second. The images fade before they entirely 
disappear; hence there some difficulty determining the exact 
instant when the circle becomes complete. The estimates different 
observers may vary slight extent but easy convince 
one unaccustomed the experiment that the sensations last fully 
second. None the images are after-images; they all correspond 
the primary visual sensation, will proven later. have made 
many experiments this character. luminous objects have 
employed those already mentioned, well spots solar light re- 
flected from revolving mirror. varying the conditions the 
experiment can easily demonstrated that, within wide limits, 
variation the intensity and duration the little, 
any, appreciable effect the duration the primary sensation. 

order study more systematically the effect variation 
intensity devised apparatus constructed different principle. 
Instead causing the luminous object move, allowed remain 
stationary, and made its image revolve the retina means 
apparatus constructed follows. (See Fig. 1.) prism three 
ten degrees angle, from oculist’s trial-case, fastened within 
short tube, about cm. length, which can made revolve 
outer tube means pulley band passing over cor- 
responding pulley the axle the whirling machine. The prism 
made revolve slowly front adjustable stroboscopic wheel, 
revolving eight times fast the prism. The stroboscopic ap- 
paratus composed two superposed disks cardboard, from each 
which two diametrically opposite sectors degrees have been 
cut. adjusting the overlapping the slits the duration the 
stimulus gan adjusted within any desired limits. The rate 
revolution the apparatus timed with metronome. When the 
handle the apparatus turned once every second, images are 
thrown upon different parts the retina during this time. the 
apparatus used view small spot light dark room ring 
spots seen. The intensity illumination the spot can 
varied different ways. order make comparative measure- 
ments the variations intensity adopted the following procedure. 
Two rooms laboratory were made perfectly dark. small 
opening covered with ground glass was made the door separating 
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them. Diaphragms with holes various sizes were placed front 
the glass. The opening was illuminated from behind candle 
lamp fastened block sliding narrow, graduated board, 
right angles the door. this arrangement the intensity 
illumination the opening the diaphragm could varied any 
desired extent, and the variations accurately can easily 
demonstrated this way that the intensity the stimulus may 
varied within very wide limits without producing any notable change 
the duration the visual sensation. possible that variation 


tween the nut, N, and the flange on the shaft 
rhe opposite end of the upper shaft also has a N 
screw and flange. The prism, revolves 
the piece, H, which is clamp d to the standard 
screw and the winged-nut, The lower 
end of H hasa longitudinal slot, through which 
passes the upper shaft and the clamping screw 
this allows the driving band readily tight 
ened, and instantly removed, any 
screw the end the lower shaft, means 
which mirror, disks other apparatus 


few hundredths second might escape detection these 
periments, but considerable variation would unnoticed. 
above the threshold sensation possibly somewhat lessened 
but this only occurs when the images are indistinct seen 
with little above the threshold the duration long 
with the most intense light employed. 

Probably the most accurate way estimating the duration the 
sensation these experiments cause the prism revolve such 
rate that the ring images will just complete one revolution 
the prism. The duration the sensation will then the same 
the rate revolution. When the apparatus turned more slowly, 
the ring incomplete. this case estimate the duration 


sensation noting the angular space occupied the images. 
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The apparatus just described very convenient for studying the 
threshold sensation due single momentary light impressions. 
This threshold evidently does not necessarily correspond with that 
due the intermittent stimulation experienced when view the 
luminous spot through the revolving disk, but not through the prism. 
the latter case the retinal area repeatedly stimulated, but when 
the spot seen through the prism, only one stimulus received 
any given easy prove with this apparatus that the 
threshold with momentary stimulation higher than with intermittent. 
also easy demonstrate that the threshold varies with the size 
the aperture the diaphragm. With hole mm. the thresh- 
old considerably higher than with one mm. 

remarkable that, although the threshold greatly influenced 
the intensity and duration the momentary stimuli, the duration 
the resulting visual sensation little, all, affected them. 
well known that, many respects, variation the duration 
light impressions equivalent corresponding variation intensity. 
Having demonstrated that the intensity momentary stimuli has 
little effect the duration the primary sensation, not sur- 
prising find that variation the duration the illumination does 
not appreciably affect the duration the sensation. The durations 


the stimuli employed were ordinarily within the limits and 


second. duration was most frequently employed. 

observable effect the duration the primary sensation was 
obtained change color the light. The colors were obtained 
placing colored glass before the aperture the diaphragm. 
some experiments solar light was used. These experiments will 
alluded later connection with after-images. 

All the images that have described are primary images and 
correspond the primary sensation. The spacing the images 
regular with different relative rates révolution the stroboscopic 
wheel and the spot light the retina, which would not occur the 
sensation were discontinuous. long the images not overlap, 
their size does not influence their duration. possible produce 
true after-image these experiments, which will described later. 

many experiments employed diffused daylight instead 
artificial light, illuminate the hole the diaphragm. The 
opening the door separating the two rooms which the experi- 
ments were performed situated directly opposite window with 
northern exposure distance about metres. The windows 
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the two rooms are furnished with sliding wooden shutters, which 
all light can excluded. When the room which the observations 
are made darkened, and the shutters the other room are closed 
with the exception the one belonging the window opposite the 
door, the opening the diaphragm appears brilliantly illuminated. 
closing this shutter greater less extent, the intensity the 
light can varied within any desired limits. 

unnecessary that the room should totally dark order 
obtain good results with the apparatus just described. The experi 
ments can performed partially, even well lighted room. 
The necessary condition that the whole field view shall filled 
with uniform background. When the duration the stimuli 
very brief, and the illumination the room moderate, the light 
reflected from dark background may insufficient excite any 
sensation. sensation excited the background, the efficiency 
the light spot stimulus the visual apparatus depends not 
its total luminosity, but its relative brightness, the 
between its own luminosity and that the background. 

order restriet the field view, and screen the eyes from 
extraneous light, have made addition the prism apparatus, 
which increases its efficiency many experiments. tube cm. 
length, blackened within, held bracket between the strobo 
scope and the eye. The axis the tube coincides with the centre 
the prism. The front opening the tube covered with cap 
having hole somewhat larger than the pupil the eye. piece 
black cardboard with hole its centre slipped over the tube. 
This screens the non-observing eye. Excellent results are obtained 
with this arrangement well-lighted room, the small opening 
through which light transmitted covered with large sheet 
black gray cardboard with small hole its centre, serve both 
adiaphragm and background. even possible employ 
white background. The white background viewed through the 
stroboscope will assume some shade gray; the shade depending 
the illumination the background, the duration the stimuli, and 
the number stimuli per second. Colored backgrounds can also 

The experiments that have been described can easily repeated 
any room without any elaborate arrangement only 
necessary interpose screen size, having narrow 
opening its centre, between the prism stroboscope and window 
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varying the intensity the light can inves- 
tigated placing lamp different distances behind the screen. 

Notwithstanding all these variations the conditions the experi- 
ment, find that, when the difference the luminosity the back- 
ground and the transmitted light sufficient produce well marked 
sensation, the duration the sensation about second, whatever 
the intensity and color the transmitted light and whatever the 
shade color the background may be. 

also easy prove with the same arrangement that the sensa- 
tion black persists long the other visual sensations. The 
hole the white background can made appear black when 
light transmitted through it. When the black spot viewed 
through the rotating prism apparatus ring dark spots seen, 
and the duration the images second. 

All these experiments prove, then, that after momentary stimu- 
lation, the duration the visual sensations excited all kinds 
light, and the absence light, remarkably constant. This true 
when the whole field view stimulated with gray colored 
background, well when the experiments are performed 
dark room. The sensations probably last few hundredths 
second longer the dark room than the experiments with con- 
comitant illumination the whole field, but the difference duration 
not marked. 

The prism stroboscope can used view great variety 
objects, well spots transmitted reflected light. The 
objects should fastened background sufficient size placed 
near window, lamp, other source light. Small pieces white 
colored paper are most convenient objects. excellent way 
fasten the bits paper the cardboard background cement 
them flat-headed thumb-tacks with sealing-wax. The point the 
tack thrust through the cardboard. enables the objects 
readily changed, and used with the same background. 
our previous experiments, the background may black, white, 
gray colored. obvious that any small object that can 
fastened the background may used these experiments. 
brilliant spot light desired, highly polished, brass upholsterer’s 
nail answers admirably. The hemispherical head acts convex 
mirror. When white ground used there may disagreeble 
substituting gray ground. Gray forms excellent universal back- 
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ground. White, black, and colored objects are seen equally well upon 
it. necessary, however, that the luminosity the object should 
vary positive negative sense, from that the ground that 
the object should delimited from the ground shadows. Effects 
will also vary according the illumination the ground. bit 
colored paper the same luminosity the gray ground, may 
seen with difficulty, not all, when the duration the stimulus 
very brief, and the illumination weak. Under the same circum- 
stances, the color the same object may very apparent white, 
black ground; showing that difference the luminosity the 
object and ground very important factor determining the 
visibility objects these experiments. 

Whatever the object background employed may be, when they 
are viewed through the prism apparatus making turns per second, 
will found that the images last nearly, quite second, pro- 
vided the object readily seen. 

experiment that proves somewhat striking manner that the 
duration the sensation not dependent upon the intensity the 
light causing following. The background was very dark 
gray, which would ordinarily called black. small piece the 
same cardboard was cemented thumb-tack, and fastened the 
centre the ground. The edges the object were blackened with 
india ink. The thickness the object caused bordered with 
shadows when the background was placed good light, near 
window. Theduration the images was found second, not- 
withstanding the slight difference luminosity between the object 
and the shadows 

can vary these experiments fastening the object disk 
rotated clockwork, and employing ordinary stroboscope without 
the prism. can proven that the sensations excited the rotat- 
ing object may persist about second. The best results are obtained 
with small objects placed midway between the centre the disk 
and its edge. The disk should uniform shade and color. The 
centre the disk should fixed with the sight and the should 
restrained from its tendency follow the movements the object. 
The ring images should not occupy too much the 
must remembered that some the images are extremely faint, and 
that there consequently tendency the mind ignore them 
For reasons that will appear later necessary that the disk should 
make about turns per minute. 
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easy demonstrate and measure the persistence vision 
without the prism apparatus, clockwork, any motor. For this 
purpose necessary have whirling machine with two parallel 
shafts. The handle attached one end the lower shaft, and 
disk cardboard bearing the object fastened the The 
upper shaft, which made revolve rapidly multiplying pulleys, 
carries the stroboscopic disks. The whole apparatus placed before 
The image the revolving object viewed the mirror 
through the stroboscope. 

These stroboscopic experiments can varied many ways, all 
demonstrating the most convincing manner that the duration 
visual sensations after momentary light impressions longer than 
has hitherto been supposed, and that this duration only slightly 
affected variations the intensity the stimuli, contrary what 
has been previously taught. 

Effect psychological factors the duration visual sensations. 
The only factors that seem have marked effect the duration 
the sensations are psychological ones. There appears 
tendency the mind ignore other visual sensations, when the 
attention especially drawn any particular sensation perception. 
the sensations that are disregarded are faint they may entirely dis- 
appear from consciousness. the sensations are well-marked there 
more difficulty inhibiting them. find that the rate revolu- 
tion object may affect the duration the visual sensations 
excited it. This strikingly proven the following experiment. 
Two black disks are placed side side, and are made turn 
clockwork, one the rate 40, and the other the rate 
revolutions per minute. small piece white colored paper 
fastened the same distance from the centre each disk. When 
the revolving disks are viewed through stroboscope, and the sight 
fixed alternately upon one and then ypon the other, will seen 
that the images cover complete circle upon the more rapidly revolv- 
ing disk, but occupy more than quadrant upon the slower disk. 
estimate the duration the sensation with the slower rate 
turning shall probably make less than half that previously found. 
difficult explain satisfactorily these discordant results unless 
ascribe them psychological causes. The slower the rate 
revolution the object, the greater the tendency follow with the 
eye; but movements the eye not explain the effect the varia- 
tion the rate revolution. When the eye kept immovable, the 
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discrepancy results still persists. When the object revolves torty 
times per minute, possible follow with the attention when 
the eye fixed. tendency under these circumstances, 
suppress some the images and fix the attention exclusively upon 
the first and relatively brightest the rate revolution 
increased sixty and above, becomes more difficult, impossible, 
follow the object with the there is, consequently, longer 
the same tendency suppress the images. this explanation cor 
rect, evidently necessary employ rate revolution that just 
causes complete circle images order estimate the duration 
luminous sensations. 

With the prism stroboscope the effect varying the rate revolu- 
tion the retinal image upon the duration the sensation fre 
quently less apparent than the experiments with rotating disks, and 
under some circumstances may wanting. When the apparatus 
used dark room, and the light relatively intense, the apparent 
duration the sensations may the same with all rates revolution 
the prism. this case would seem that all the images are 
vivid that none are suppressed. With rate revolution less than 
sixty per minute much the success the experiment depends upon 
practice. 

When other conditions remain the same, all visual sensations are 
affected alike variation the angular velocity the images 
When the object disk makes forty revolutions minute, sensations 
excited black, white, and variously colored objects persist for the 
same length time. series comparative experiments which 
prove this statement was made follows. Upon gray disk, 
volving forty times per minute, two objects were fastened, 
directly under the other the same radial line. The objects were 
different color and luminosity. was found when they were both 
viewed through stroboscope, that both sets images occupied the 
same angular space, and consequently had the same duration. White 
and black, and various colors were compared with one another, and 
were proven this way excite sensations the same duration. 

this point have employed the term visual sensation 
loosely. sensation unassociated with other sensations 
ideas abstraction, and not real fact consciousness. The 
nearest approach simple visual sensation would excited 
light uniform color and intensity filling the entire visual field. 


Under all ordinary circumstances the field mapped out into areas 


476 


light and shade, and varying colors. distinguish form, well 
quality and intensity light. recognize objects, and assign 
them definite position with reference other word, 
perceive objects, well recognize the qualities the light coming 
from the objects. Perceptions, undoubtedly, involve more compli- 
cated processes the nervous centres than those which simple 
sensations are due. They bring into activity higher centres than 
those concerned with sensation alone. obvious that have 
been studying the duration visual perceptions the experiments 
that have been described. However, these perceptions cannot 
disassociated from the sensations that give rise them. The sen- 
sations must persist long the perceptions. When see red 
object the sensation redness must persist long the perception 
the object; otherwise should cease conscious red 
object, and the perception would change. For this reason seems 
ordinarily unnecessary make distinction between the dura- 
tion visual sensations and visual perceptions. The point 
emphasized that the sensations excite perceptions that involve 
complicated processes the brain that require considerable time 
for their development, and that when the light impressions are brief, 
the length time required very constant. brief 
slight the stimulus, sufficient affect consciousness, sets 
operation train physiological processes which, they 
allowed run their full course, last the greater part second. 

has already been shown that the rate revolution object 
may affect the duration the perception the object. The duration 
may affected other psychological causes. place 
small round, square, oblong object placed some distance from 
the centre disk rotating eighty times per minute, employ 
narrow sector with its point terminating the centre, shall find 
difficult see that the images cover entire circle. When the 
sector displaced outwards, that its point describes circle, the 
difficulty lessened disappears. The experiment may varied 
follows. The base narrow triangle paper cardboard 
cemented thumb-tack. The altitude the triangle should 
less than half the radius the disk. The point the tack thrust 
through the disk and piece cork its the disk 
revolves eighty times per minute, and the point the triangle ter- 
minates its centre, will seem most observers viewing the 
object through stroboscope that the images cover only part 
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circle, although the tendency underrate the number images 
may sometimes overcome. the triangle then rotated 180 

about its base, that now points the periphery, will very 
apparent that the images extend entirely around the order 
study most successfully the duration visual sensations 
necessary able concentrate the mind upon them, and 
exclude other perceptions, far possible. This can 
accomplished surrounding the object with uniform background. 
When the narrow sector extends from the periphery the centre 
the disk, and the stroboscope revolves rapidly difficult make 
the images cover the whole circle. the number images 
reduced diminishing the rate revolution the stroboscope, they 
can much more easily made extend around the circle. 

appears sufficiently demonstrated from our experiments that the 
influences which affect the duration visual perceptions are largely 
subjective. The duration the perception depends very little upon 
the quality and intensity the light which excites the sensations 
giving rise the perception, but may abridged the inter- 
ference other perceptions, agencies affecting the working 
the cerebral centres concerned with vision. 


II. SENSATION BLACK, AND THE INDEPENDENCE 
VISUAL PERCEPTIONS. 


has been demonstrated our experiments that black persists 
long other visual sensations but this fact alone sheds little light 
the question the true nature the sensation 
chologically considered, must concede that black indepen- 
dent sensation. The question that interests the physiologist 
whether the psychological state due physiological processes 
the visual organs, the absence such processes; whether, 
other words, are believe that black negative sensation due 
lack excitation the corresponding part the visual field, 
whether has its origin physical chemical changes visual 
substance. impossible measure directly the duration 
simple visual sensation alone: can only measure the duration 
the sensation the perception into which enters. The duration 
the sensation governed that the perception. The sensa- 
tion can prevented suppressed interferes with the percep- 
tion. When view through stroboscope black object rotating 
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white gray ground, experience more than number 
simple sensations black: number black objects 
definitely located space. Perception the dark object the 
dominant and necessary thing. Sensations which interfere with the 
perception are suppressed. first thought might appear that 
are only studying the duration the white light the disk this 
experiment, but little consideration will prove that this not the 
case. there complete circle images most them will 
black and distinct. will call the image advance, which the 
most recent one, This image falls portion the field 
that has been repeatedly stimulated, very short intervals, the 
white light the disk. The white sensation should persist here 
with almost its full intensity not interfered with; but the white 
sensation immediately inhibited and replaced the black. There 
fusion the two sensations, for the image the 
passage the next slit before the eye, Image No. becomes No. 
and new image formed front it. When the next slit passes, 
No. becomes No. and until the image finally disappears 
from consciousness. While the image persists illuminated 
each passage opening the stroboscope the white light 
the disk. The black image persists, notwithstanding that the portion 
the field which occupies repeatedly stimulated the white 
light. The persisting sensation black prevents the development 
the sensation white; perhaps would more accurate say, 
the persisting perception Suppresses the white sensation. There 
here conflict sensations perceptions the monocular field, 

The proof that there immediate fusion the sensations 
excited the object and the background more striking when 
employ colored object differently colored ground. 
sector blue red ground appears with its original blue color 
when rotated and viewed through stroboscope. The blue and the 
red not combine the images form purple, notwithstanding 
that the two colors fall upon the same Spot the retina rapid suc- 
cession. The only change the colors their lessened luminosity 
due the stroboscope. Whatever the colors the object and 
ground may be, found that they not combine the images. 
Here again sensations are inhibited suppressed perceptions. 
interesting contrast these results with those derived from the 
familiar experiment with the color wheel. When disk with vari- 
ously colored sectors very rapidly rotated, the colors blend into 


uniform composite color differing from any its constituents. The 
sectors revolve rapidly that they not make any individual im- 
pression the mind. not perceive the sectors, only per- 
ceive the disk whole. There conflict perceptions here 
The sensation excited each sector free fuse with those due 
the other sectors, without affecting the distinct perception the 
whole disk. Were able determine the total duration the 
sensations excited the sectors, should probably make the near- 
est approach possible the determination the duration simple 
visual sensations unaccompanied distinct perception. 


IMAGES. 


this point have been careful our experiments 
vent any overlapping images. will now attempt 
what takes place when the images are not entirely separate. the 
images exactly coincide, the effect their superposition simply 
increase the luminosity the resultant image. This happens when 
view stationary object through the stroboscope. the images 


are displaced any way that they longer coincide, conflict 


visual perceptions becomes strikingly apparent. Each image seeks 
delimit itself the expense its neighbor. can readily pro- 
duce the overlapping images viewing through stroboscope 
sector some size upon slowly revolving disk. the sector 
white and the ground black, shall find that the overlapping 
borders the images are limited dark areas the form 
sectors. The dark bands might, first, taken for contrast effects, 
but modification the experiment demonstrates that contrast, 
the term ordinarily understood, does not explain them. the 
ground colored the limiting sectors have more less the color 
the ground. The explanation this appearance would seem 
that each image inhibits portion the overlapping image the 
adjacent field. This serves delimit the image and make its in- 
dividual impression stronger. especially noted that 
although the overlapping images are suppressed the limiting areas, 
sensibility not wanting here. The light the ground able 
excite more less its proper sensation these areas. sensa- 
tion excited the ground not inhibited the portions the 
images corresponding the limiting areas, would the 
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images did not overlap. glance the diagram will make our 
explanation more intelligible. 

The diagram represents two overlapping images the subjective 
field. The sector bordered with full lines represents the latest image, 
which will call broken lines limit older image, No. 
Many more images are seen the experiment, but, simplify 
the explanation, only two are represented. The disk supposed 
rotating the direction the arrows which indicate the angular 
width the overlapping images. The distance from the anterior full 
line the anterior broken line represents the amount overlapping 
the images. Sectors having more less the color the ground 
effect the border Image No. Image No. The color 

No. less marked wanting here, and 
the color the ground asserts itself. Sec- 
wholly partly suppressed, and the sensa- 
tion due the ground takes its place. 
that, however much little the images 
their edges are always sharply de- 
fined and appear with their proper 
other words the inhibitory area never 
extends entirely the edge the image 
which falls. would seem indicate that the phenomenon 
psychological one, rather than one due physiological changes 
retina. were suppose that when the image object 
spot light falls upon the retina, adjacent zone the retina be- 
comes less sensitive, should expect that the zone would remain 
the same width when the conditions the experiment remain sub- 
stantially the same. the zones remained the same width with 
different amounts overlapping images, the edge the overlapping 
image should sometimes fall within the zone and consequently less 
clearly seen. this never occurs our experiments, conclude 
that the phenomenon which are studying cannot ascribed 
changes the retina, but due the activity the higher visual 
centres. have here instance the conflict perceptions 
effort the mind prevent fusion images. 
may allude, this connection, another effect the over- 
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lapping images. view small spot disk rotating forty 


sixty times per minute, and gradually increase the number 


images seen through the stroboscope, the images will overlap when 
they become sufficiently numerous. The train images becomes 
shortened the moment overlapping. this observation 
have another proof the influence psychological factors the 
duration visual perceptions. The extreme importance these 
psychological factors the processes vision has been more and 
more clearly demonstrated this series researches. The physi- 
ology vision something more than the physiology the retina 
largely important section the physiology the brain. 


THE 


The after-image and the negative period. After-images have not 
ordinarily been noted the experiments that have hitherto de- 
scribed, but modifying those performed the dark room they 
may made very easy prove, what has been 
especially insisted upon that the positive after-image which 
follows momentary stimulation not direct continuation the 
primary image, but separated from darkness. 
The room which the experiments are performed should abso- 
lutely dark, and the eyes should made more sensitive the 
exclusion light for period. piece incandescent carbon, 
the glowing end recently extinguished match, when slowly 
moved about the field vision followed trail light, 
representing the primary image. This followed some distance 
the after-image the form another trail light much less 
intensity, separated from the first one period darkness. 
substituted with great advantage small electric lamp for the burn 
ing employed patches solar light reflected upon 
screen means slowly revolvitig mirror forming small angle 
with the perpendicular the axis rotation. 

The clearness with which the after-image seen depends upon the 
intensity the stimulus and the adaptation the retina. The dura- 
tion the after-image also depends upon the intensity the light, 
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and ordinarily amounts several seconds. The image may not 
noticed all after very feeble momentary stimuli. When the stim- 
ulus sufficiently intense the after-image shows first some the 
color the primary image, but afterwards becomes nearly quite 
colorless. The primary coloration the after-image has been denied 
von Kries and others, but has been proven exist, some 
experiments least, have repeated experiments 
with small incandescent lamp viewed through colored glass, and 
able confirm his statements regarding the coloration the 
after-image. The primary coloration well shown when intense 
red light used, notwithstanding has been stated Bidwell that 
red never followed after-image. 

The intensity the after-image compared with that the primary 
image very slight indeed. This proven the fact that 
only visible perfectly dark room, and does not affect conscious- 
ness all ordinary vision. may termed the visual echo. 

The negative period dividing the primary from the after-image 
constant occurrence. undoubtedly period diminished sensi- 
bility, but probable that the diminished sensibility following the 
primary image longer duration than the negative period separat- 
ing the two images. The following experiment shows very clearly 
that the sensibility the visual elements affected for consider- 
able time after very brief stimulation moderate intensity. narrow 
white sector black disk made revolve the rate forty 
turns per minute, near lamp, darkened room. the revolving 
disk viewed through stroboscope placed near possible with- 
out obstructing the illumination, the white images are seen 
followed series black sectors the dark gray ground the 
disk. The disk reflects certain amount light. The visual ele- 
ments that have been stimulated give rise the primary images 
are less sensitive this feeble reflected light; they not respond 
it, while the elements the surrounding field are slightly stimu- 
lated, giving rise the appearance the dark sectors. The duration 
the dark images greater than that the white ones; some 
experiments was twice great. 

the dark room experiments with the prism stroboscope that 
have detailed, the feeble after-images are not visible the presence 
the relatively intense primary images. have modified the ex- 
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periments make the after-images visible. photographic 
“time” shutter, operated pneumatic arrangement was mounted 
front the stroboscopic disks, place the observation tube. 
The shutter was adjusted open and shut little less time than 
that required for complete revolution the prism. With this 
arrangement brief glimpses the circle primary images could 
obtained before the appearance the When the 
stroboscope was revolving appropriate rate the dark room, 
the bulb the shutter was pressed, and incomplete ring 
primary images was seen, followed short space time after the 
closure the shutter the after-images. The after-images were 
usually faint and nearly quite the light employed was 
very slight intensity, and the stimulus very brief, the after-images 
were sometimes wanting. The after-images could 
observed dispensing with the stroboscopic disks and viewing the 
light spot through the shutter and revolving prism alone. The image 
the spot was thus elongated curved band 
forms very arrangement for observing and controlling 
the phenomena the after-images. this way the intensity and 
color the light can easily varied. can satis- 
factorily observed without the photographic shutter. 
with opening two three centimetres diameter placed 
between the prism and the eye, easy place the head and the 
apparatus such positions that, revolving the prism once, the 
curved band light can made sweep through the field and 
disappear, leaving the field sufficiently dark enable the after-images 
studied. 

The negative period was found these experiments con 
stant occurrence. some instances appeared long 
the duration the primary image, but there was systematic 
attempt measure under varying conditions, although 
sirable that such experiments should made. 

have noted these and other experiments that the size the 
after-image not always the same that the primary image. 
The after-image frequently much more diffuse, covering 
part the field. This may indicate that when portion the visual 
field stimulated adjacent zone affected some way, and that 
this process the outlying zone gives rise after-image. 

Changes the color the primary image asserts that, 


favorable conditions, the original color the primary image changes 
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complementary one before the period darkness separating 
the primary from the after-image. seemed desirable test the 
correctness this statement with the stroboscope. the primary 
image changes color during its persistence, the images seen 
through the stroboscope should vary color. If, for instance, 
green image changes complementary purple, the stroboscopic 
images advance should green, and the older ones 
most stroboscopic experiments change complementary 
color was not apparent. When the light which occasions the 
primary image moderate intensity the original color persists 
nearly quite long the image. Objects luminous reflected 
light, such pieces colored paper, fastened revolving black 
disk, and viewed through ordinary stroboscope, not show the 
complementary change coloration. This also true when the 
objects are placed stationary ground and viewed through the 
prism stroboscope. The images small illuminated aperture 
not usually show any complementary colors, although when the light 
intense, and other conditions are favorable, change color, more 
less complementary, may sometimes noted. The ordinary 
changes coloration are what might more properly ascribed 
fading. Black and white images tend become grayish just before 
their disappearance, and this also true faintly colored images 
feeble luminosity. experiments complementary changes 
coloration have been best seen with intense blue light. When 
small aperture covered with blue glass, through which reflected 
sunlight transmitted, viewed through the prism stroboscope 
perfectly dark room, the light sufficiently intense most the 
blue primary images, especially the older ones, will seen 
surrounded yellowish zone corona. The area the primary 
image thus considerably enlarged. The true primary image 
the central blue one; the yellowish halo induced image. 
the blue images fade, the yellow zones become relatively more con- 
spicuous, and may finally spread over the blue images and ob- 
literate them the light less intense, the central blue 
image may persist long the yellow zones. When the intensity 
the light becomes moderate, the yellowish halo disappears. have 
been less successful inducing complementary color with green. 
Under especially favorable circumstances the stroboscopic green 
images may become slightly pink before they disappear. 
any change color noticeable with yellow light, and ordinarily 
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none observed with red. When the red light very intense, 
however, the older images may become somewhat blue, but have 
never noticed any green coloration them. 

order detect changes the coloration the images with the 
prism stroboscope, the experiment may conducted 
The observation tube and its support are removed. the head 
held the right position before the disks, stationary image seen, 
well the ring revolving images. One eye directly front 
the prism, and the circle images seen with this eye. The 
stationary image seen the other eye, which looks through the 
disks, but not through the prism. the stationary image due 
repeated stimulation short intervals, constant one, and 
ordinarily brighter than those the circle which are due single 
stimulus. The color the various images the circle may thus 
conveniently compared with that the fixed image. This method 
using the two eyes can sometimes usefully employed other 
stroboscopic experiments, affords fixed point, regarding 
which the eyes can held steadily one position, and can more 
readily focussed the object. 

some the experiments made studying the 
coloration the primary images, employed 
shutter before the stroboscope, the manner already described. 
The results obtained were substantially the same those observed 
with the less complicated apparatus. 

have been able, therefore, only partially confirm state- 
ments regarding complementary images, means the methods 
which have employed. According experience the comple- 
mentary changes color require specially favoring circumstances, 
and not occur after all colors. prefer, therefore, not speak 
separate complementary image. The color the primary image 
may change, but the change more less gradual. would 
hard say where the line should drawn separating the images 
according their hue tint. Under ordinary circumstances the 
changes are slight, are wanting. For these reasons prefer 
distinguish only the primary image, and the after-image which 
separated from the negative period. is, course, error 
regard the duration color sensation co-extensive with that 
the primary image, the color the image varies. However, 
have found that under the conditions ordinary vision, the color 
persists unchanged nearly, not quite, long the primary image. 
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SUMMARY. 


Under favorable conditions the duration visual sensations 
and perceptions due momentary light impressions about 
second; and this duration only slightly affected variation the 
intensity color the light employed. 

The factors which chiefly affect the duration visual sensa- 
tions and perceptions are psychological. 

After the disappearance the primary image due momentary 
stimulation the visual apparatus, the sensibility the affected 
portion the visual field lessened for considerable fraction 
second. 

When portion the subjective visual field occupied 
visual perception, the perception does not fuse with sensations sub- 
sequently excited the same portion the field. 

visual image can inhibit portion overlapping image 
order prevent fusion the images. 

The color the primary image does not ordinarily change, 
any great extent, during the persistence the image. 

the light intense the color the primary image may 
change, but the change color not always complementary. 

With certain colors, especially complementary change 
color the primary image may noted. 

After very brief illumination the retina, the field remains 
perfectly dark, and the light sufficiently intense, the primary 
image followed after-image, after period darkness 
considerable length. 

10. The intensity the after-image very slight comparison 
with that the primary image. 

11. The size the after-image does not always correspond that 


the primary image. 
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